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Abstract of JP1 11 62490 

PROBLEM TO BE SOLVED: To provide a 
solid polymer electrolyte fuel cell system 
capable of controlling the humidification 
quantity to reaction gas so that fuel cells can 
be operated in the optimum state even when 
the operating condition such as the load 
condition is changed. SOLUTION: A fuel feed 
pipe 2, an air feed pipe 3, a cooling water feed 
pipe 4, a fuel gas discharge pipe 10, an air 
discharge pipe 9 and a cooling water 
discharge pipe 11 are connected to a cell 
stack 1 of solid polymer electrolyte fuel cells. A 
steam generating device 5 is connected to the 
fuel feed pipe 2 and the air feed pipe 3. Flow 
control valves 16, 17 are provided on the 
passages to the fuel feed pipe 2 and the air 
feed pipe 3 from the steam generating device 
5. A water feed pipe 8 is connected to the 
steam generating device 5, and a resistance 
value sensor 18 and a voltage sensor 19 are 
assembled in the cell stack 1. The resistance 
value sensor 18 and the voltage sensor 19 are 
connected to a control device 12, and the 
control device 12 is connected to the steam 
generating device 5. 
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' * NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The cell stack which has at least one cell with which the electrolyte 
membrane which consists of a solid-state macromolecule has been arranged 
between a fuel electrode and an oxidizer pole, In the solid-state polyelectrolyte 
mold fuel cell system equipped with the fuel feeding pipe which supplies fuel gas to 
said fuel electrode, and the oxidizer supply pipe which supplies oxidant gas to said 
oxidizer pole The solid-state polyelectrolyte mold fuel cell system characterized by 
establishing a humidification means to supply a steam or the atomized water to 
either [ at least ] said fuel feeding pipe or said oxidizer supply pipe. 
[Claim 2] The solid-state polyelectrolyte mold fuel cell system according to claim 1 
characterized by having the control unit which performs feedback control to the 
amount of supply of the steam by said humidification means, or the atomized water 
based on the operating state of said cell stack. 

[Claim 3] The operating state of said cell stack is a solid-state polyelectrolyte 
mold fuel cell system according to claim 2 characterized by being the electric 
resistance value of said electrolyte membrane, and the output voltage of a cell. 
[Claim 4] The operating state of said cell stack is a solid-state polyelectrolyte 
mold fuel cell system according to claim 2 characterized by being the burden of a 
cell stack. 

[Claim 5] The operating state of said cell stack is a solid-state polyelectrolyte 
mold fuel cell system according to claim 2 characterized by being the fuel gas flow 
rate which flows said fuel feeding pipe. 

[Claim 6] The operating state of said cell stack is a solid-state polyelectrolyte 
mold fuel cell system according to claim 2 characterized by being the oxidant gas 
flow rate which flows said oxidizer supply pipe. 

[Claim 7] The solid-state polyelectrolyte mold fuel cell system according to claim 1 
characterized by having the control unit which performs feedback control to the 
amount of supply of the steam by said humidification means, or the amount of 
supply of the atomized water based on the humidity which the humidity sensor was 
formed in the downstream of said humidification means, and was detected by said 
humidity sensor. 

[Claim 8] Said humidification means is a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-7 characterized by being constituted by the 
nozzle which spouts the steam prepared at least in one of said fuel feeding pipe 
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t ahd said oxidizer supply pipe, and the steam generator formed in the upstream. 
[Claim 9] Said humidification means is a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-7 characterized by being constituted with 
the spraying nozzle prepared at least in one of said fuel feeding pipe and said 
oxidizer supply pipe, and the pressurizer which pressurizes the water prepared in 
the upstream. 

[Claim 10] Said humidification means is a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-7 characterized by being constituted with 
the ultrasonic spraying nozzle prepared at least in one of said fuel feeding pipe and 
said oxidizer supply pipe, and the pump which supplies the water prepared in the 
upstream. 

[Claim 11] Said humidification means is a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-7 characterized by being constituted by the 
nozzle which supplies water to a part for a part for the converging section 
prepared at least in one of said fuel feeding pipe and said oxidizer supply pipe, and 
said converging section. 

[Claim 12] Said humidification means is a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-7 characterized by being constituted with 
the rotating disc prepared at least in one of said fuel feeding pipe and said oxidizer 
supply pipe, the nozzle which supplies water toward said rotating disc, and the 
pump which supplies water to the upstream of said nozzle. 

[Claim 1 3] A solid-state polyelectrolyte mold fuel cell system given in any 1 term 
of claims 1-12 to which passage of the cooling water of said cell stack is 
characterized by connecting with the supply way of the water to said 
humidification means. 

[Claim 14] A solid-state polyelectrolyte mold fuel cell system given in any 1 term 
of claims 1-12 to which passage of the generation water produced by the reaction 
within said cell stack is characterized by connecting with the supply way of the 
water to said humidification means. 

[Claim 1 5] A solid-state polyelectrolyte mold fuel cell system given in any 1 term 
of claims 1-14 characterized by having two or more said cell stacks. 
[Claim 1 6] A solid-state polyelectrolyte mold fuel cell system given in any 1 term 
of claims 1-15 characterized by establishing a preheating means to heat said fuel 
gas and said oxidant gas beforehand with the heat generated with a fuel cell. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solid-state polyelectrolyte 
mold fuel cell system which used the solid-state poly membrane as an electrolyte, 
and relates to the maintenance function of the humidification condition of a solid- 
state poly membrane, and the solid-state polyelectrolyte mold fuel cell system 
which improved to space efficiency. 
[0002] 

[Description of the Prior Art] By making fuels, such as hydrogen, and oxidizers, 
such as air, react electrochemically, a fuel cell is equipment which transforms into 
direct electrical energy the chemical energy which a fuel has. Also in it, the solid- 
state polyelectrolyte mold fuel cell which used macromolecule ion exchange 
membrane for the electrolyte has the descriptions, like that power density is high, 
that structure is simple, and operating temperature is comparatively low, and the 
expectation for much more ED is growing. 

[0003] The basic configuration of the cell in such a solid-state polyelectrolyte 
mold fuel cell is explained below according to drawing 14 . That is, the solid-state 
poly membrane 102 which has ion conductivity is inserted, the anode electrode 103 
and the cathode electrode 104 are arranged, and the cell 101 is constituted. The 
anode electrode 103 is formed of anode catalyst bed 103a and anode porosity 
carbon plate 103b. The cathode electrode 104 is formed of cathode catalyst bed 
104a and cathode porosity carbon plate 104b. 

[0004] The separator 105 of gas impermeability which has conductivity is arranged 
at the upper and lower sides of this cell 101. The slots 103c and 104c for supplying 
reactant gas to the anode electrode 103 and the cathode electrode 104 are 
established in this separator 105. 

[0005] In the above solid-state polyelectrolyte mold fuel cells, if fuel gas is 
supplied to the anode electrode 103 and oxidant gas is supplied to the cathode 
electrode 104, respectively, electromotive force will arise as follows according to 
electrochemical reaction in inter-electrode [ of the pair of a cell 101 ]. That is, 
first, although hydrogen is used as fuel gas and air is usually used as oxidant gas, if 
hydrogen is supplied to the anode electrode 103 and air is supplied to the cathode 
electrode 104, respectively, with the anode electrode 103, the supplied hydrogen 
will be dissociated into a hydrogen ion and an electron in anode catalyst bed 103a. 
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And a hydrogen ion passes along the solid-state poly membrane 102, and an 
electron passes along an external circuit and moves to the cathode electrode 104, 
respectively. 

[0006] On the other hand in the cathode electrode 104, the oxygen, the above- 
mentioned hydrogen ion, and electron in the supplied air react in cathode catalyst 
bed 104a, and water is generated. At this time, the electron passing through an 
external circuit serves as a current, and can supply power. That is, in the anode 
electrode 103 and the cathode electrode 104, the reaction shown in the following 
formulas 1 and a formula 2, respectively advances. In addition, the generated water 
is discharged out of a cell with a unconverted gas. 
[0007] 
[Formula 1] 

anode reaction: — H2 ->2H++2e- the — type 1 — [Formula 2] 
Cathode reaction: 2H++1/202+2e — >H2 O In the — type 2 and time, since the 
electromotive force of a cell 101 is as low as less than [ 1 V ], the usual practical 
use mold fuel cell system has the cell stack which carried out the laminating of the 
cell 101 of dozens - 100 numbers through the above-mentioned separator 105, 
and the generation of electrical energy by this cell stack is performed. And 
although the temperature up of such a cell stack will be carried out with a 
generation of electrical energy, in order to control this temperature up, the cooling 
plate is inserted for every cell of several sheets. 

[0008] As a solid-state poly membrane 102 which has the ion conductivity used 
for the above solid-state polyelectrolyte mold fuel cells, the perfluoro ROKABON 
sulfonic acid (Nafion R : U.S., Du Pont) which is the proton exchange film is known, 
for example. While this film functions as an ion conductivity electrolyte by having 
and carrying out the saturation water of the exchange group of a hydrogen ion into 
a molecule, it also has the function to separate a fuel and an oxidizer. On the 
contrary, if membranous moisture content decreases, ion resistance will become 
high, the crossover which an oxidizing agent mixes with a fuel occurs, and a 
generation of electrical energy by the cell becomes impossible. For this reason, as 
for a solid-state poly membrane, what is considered as saturation water is 
desirable. 

[0009] When the hydrogen ion separated with the anode electrode by generation of 
electrical energy moves to a cathode electrode through a solid-state poly 
membrane, in order that water may also move together on the other hand, in an 
anode electrode side, it is tended to dry a solid-state poly membrane. If there are 
few steams with which the fuel to supply or air is included, it is tended near 
[ each ] a reactant gas entry moreover, to dry a solid-state poly membrane. 
Generally from the above-mentioned reason, supplying the fuel humidified 
beforehand and an oxidizer is performed to the solid-state polyelectrolyte mold 
fuel cell. 

[0010] As this humidification approach, various attempts are made from the 
former. The fuel cell shown in U.S. Pat. No. 5,284,718 is one of those are most 
generally known. This establishes a humidification field in the interior of a cell 
stack, as shown in drawing 15 . That is, fuel gas and oxidant gas are humidified in a 
humidification field with a humidifier, before going into the reaction field which is 
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the cell section. This humidification approach makes reactant gas adjoin water 
through semipermeable membrane, and when a water molecule passes 
semipermeable membrane, it humidifies. The amount of humidification is influenced 
by the differential pressure of water and reactant gas, temperature, the physical- 
properties value of a semipermeable membrane proper, area, thickness, and 
number of sheets. 

[0011] Moreover, the humidification approach proposed in JP, 7-29591, A as other 
conventional techniques is learned. As it is generally called the bubbler method and 
is shown in drawing 16 , this installs water tank T equipped with the heater in fuel 
Rhine, and humidifies by passing fuel gas in water. The amount of humidification is 
influenced by the amount of fuel gas, the temperature of the water in a tank, and 
the geometry of a tank. 

[0012] Furthermore, the thing using the ultrasonic vibrator proposed in JP,6- 
231788,A as other conventional techniques is known. As shown in drawing 17 , this 
approach installs the ultrasonic vibrator S connected to the power unit P in the 
interior of the tank T of water, humidifies the reactant gas which is atomizing the 
water by the supersonic wave and entered from reactant gas entry I, and 
discharges it from the reactant gas outlet O. The amount of humidification is 
influenced by the output of an ultrasonic vibrator S. 
[0013] 

[Problem(s) to be Solved by the Invention] However, there were the following 
troubles in the above conventional solid-state polyelectrolyte mold fuel cell 
systems. 

[0014] (1) By the method with the humidifier using the trouble semipermeable 
membrane by the humidifier method using semipermeable membrane, since it is 
necessary to build a humidifier into the interior of a cell stack, the whole cell stack 
becomes large and weight-izes. 

[0015] Moreover, in order to make a humidification condition the optimal, it is 
necessary to control the amount of humidification according to an operation 
situation. However, by the method humidified in a humidification field before putting 
fuel gas and oxidant gas into a reaction field, control of the amount of 
humidification becomes very difficult. It is because it is impossible practically to be 
able to change neither temperature nor the reagent-gas-pressure force a lot, and 
to change the area and the number of sheets of the reaction film when some load 
conditions are set up. 

[0016] Therefore, in this method, it becomes impossible [ the amount of 
humidification ] for designing with allowances so that relative humidity may always 
become 100%, and passing gas with low relative humidity somewhat according to an 
operation situation. Moreover, with this method, they are a lifting and a cone about 
the cell performance degradation there are too many amounts of humidification 
and according to the flooding of a cell contact layer. 

[0017] (2) In the humidification method by the trouble bubbler by the bubbler 
method, since there is no humidification section in a cell stack, there is no problem 
of enlargement of a cell stack or weight-izing. However, since still bigger water 
tank T is needed as a humidifier, it enlarges and the whole system weight-izes. 
Moreover, since the electrical and electric equipment generated by the cell will be 
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used when using electric heater H as a heat source, there is a problem of dropping 
the effectiveness of a system. Moreover, in order to use the heat generated in 
reaction time by the cell as a heat source, a big heat exchanger is needed. 
[0018] Furthermore, although control of the amount of humidification cannot but 
correspond by changing the temperature of the water in water tank T in some 
decided load conditions, good responsibility cannot expect it easily from the 
amount of the water in water tank T being large, and the heat capacity of the 
water tank T itself being large. Moreover, since the temperature of reactant gas is 
decided by temperature of a bubbler in the case of this method, it is freely 
uncontrollable. 

[001 9] (3) A degree of freedom is [ method / by the trouble supersonic wave by 
the ultrasonic sensing method / humidification / a bubbler method ] comparatively 
large, and since the amount of humidification is controllable with the output of an 
ultrasonic vibrator, as for the temperature of reactant gas, it is possible to make it 
change independently. However, to water tank T being required, it is unchanging, 
and a problem is in points, such as system-wide enlargement and weight-izing. 
Moreover, a response becomes slow, although it is not a bubbler method since a 
cell will be supplied after drawing reactant gas in water tank T specially and making 
it mix with waterdrop in order to carry the water atomized by the supersonic wave. 

[0020] (4) Although three common conventional examples of the trouble above are 
typical, the common fundamental concept of these methods is supplied to a cell, 
after introducing reactant gas in a humidifier and making it mix. However, since 
there is almost no flow in a steam side when it is made this method, the rate of 
mixing becomes slow. Therefore, in order to make the mixed state into sufficient 
thing, a big tooth space is needed. 

[0021] This invention is proposed in order to solve the trouble of the above 
conventional techniques, and even if it gives moderate moisture to the solid-state 
polyelectrolyte film and actuation conditions, such as load conditions, change, the 
purpose is in offer the solid-state polyelectrolyte mold fuel cell system which can 
control the amount of humidification to reactant gas so that it can operate in the 
condition optimal as a fuel cell. 

[0022] Moreover, other purposes of this invention are to offer the solid-state 
polyelectrolyte mold fuel cell system in which a miniaturization, lightweight-izing, 
and low-cost-izing are possible. 
[0023] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
this invention has the following technical features in the solid-state polyelectrolyte 
mold fuel cell system by which the electrolyte membrane which consists of a solid- 
state macromolecule was equipped with the cell stack which has at least one cell 
arranged between a fuel electrode and an oxidizer pole, the fuel feeding pipe which 
supplies fuel gas to said fuel electrode, and the oxidizer supply pipe which supplies 
oxidant gas to said oxidizer pole. 

[0024] That is, invention according to claim 1 is characterized by establishing a 
humidification means to supply a steam or the atomized water to either [ at least ] 
said fuel feeding pipe or said oxidizer supply pipe. In the above invention according 
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to claim 1, since the amount of humidification is controllable to arbitration with a 
humidification means, when [ which is the need ] only a complement humidifies 
reactant gas by the way, the good positive humidification of responsibility is 
attained and a cell stack can be maintained to the always optimal operational 
status. Furthermore, since there is the rate of flow quick enough in the oxidant gas 
and the steam in the fuel gas in a fuel feeding pipe, and an oxidizer supply pipe and 
the rate of mixing becomes quick, neither a big humidifier nor a biglbubbler is 
needed, but a compact and lightweight system configuration becomes possible. 
[0025] Invention according to claim 2 is characterized by having the control unit 
which performs feedback control to the amount of supply of the steam by said 
humidification means, or the atomized water based on the operating state of said 
cell stack in a solid-state polyelectrolyte mold fuel cell system according to claim 
1. In the above invention according to claim 2, it can supervise in what kind of 
condition the cell is operating, humidification [ what ] can judge the need to 
reactant gas in the condition, it can be told to a humidification means, and required 
humidification can be performed. This becomes possible to maintain a fuel cell to 
the always optimal operational status. 

[0026] Invention according to claim 3 is characterized by the operating states of 
said cell stack being the electric resistance value of said electrolyte membrane, 
and the output voltage of a cell in a solid-state polyelectrolyte mold fuel cell 
system according to claim 2. If an electric resistance value is low when the film is 
generally damp enough as a film property, and the film is further damp with the 
above invention according to claim 3 to the substrate layer on the catalyst bed 
which gets wet too much and approaches, or its outside, since the diffusion to the 
film surface of reactant gas is checked, the so-called FURATTINGU phenomenon 
arises and the cell engine performance falls remarkably, a generation-ol^electrical- 
energy electrical potential difference will fall remarkably. When it is judged as 
desiccation feeling and the amount of humidification is increased, when an electric 
resistance value increases, a membrane resistance value is low and output voltage 
has fallen from this film property, control which gets wet, judges it as **** and 
stops the amount of humidification is performed. Thus, if it controls, operation is 
continuable by making a cell into the always optimal humidification condition. 
[0027] Invention according to claim 4 is characterized by the operating state of 
said cell stack being the burden of a cell stack in a solid-state polyelectrolyte mold 
fuel cell system according to claim 2. In the above invention according to claim 4, 
the burden of a cell, i.e., the generation-of-electrical-energy output of a cell, is in 
proportionality mostly with the amount of reactant gas. Moreover, the amount of 
reactant gas and the amount of humidification are also in proportionality mostly. 
Therefore, if a sensor detects the burden of a cell, the required amount of 
humidification can be determined easily. Moreover, since the control unit always 
grasps the required burden demanded from a use side when operating a system, 
even if it is the case where especially a sensor is not formed, practically sufficient 
control of it is attained. 

[0028] Invention according to claim 5 is characterized by the operating state of 
said cell stack being a fuel gas flow rate which flows said fuel feeding pipe in a 
solid-state polyelectrolyte mold fuel cell system according to claim 2. In the above 
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invention according to claim 5, if a fuel gas flow rate is measured directly, based on 
this, the amount of humidification of fuel gas can mainly be determined. Moreover, 
it becomes possible [ a flow rate ], since each other has a fuel flow and an oxidizer 
flow rate mostly at proportionality to determine the amount of humidification of 
oxidant gas based on a fuel gas flow rate. Furthermore, since the control unit 
always grasps, even if a required fuel gas flow rate does not form especially a 
sensor, practically sufficient control of it is attained. 

[0029] In invention according to claim 6, the operating state of said cell stack is 
characterized by being the oxidant gas flow rate which flows said oxidizer supply 
pipe in a solid-state polyelectrolyte mold fuel cell system according to claim 2. In 
the above invention according to claim 6, if an air content is measured directly on 
an oxidant gas flow rate and a general target, based on this, the amount of 
humidification by the side of air can mainly be determined, moreover, a fuel gas 
flow rate and an oxidant gas flow rate are mutual — since it is in proportionality 
mostly, it also becomes possible to determine the amount of humidification of both 
gas. Furthermore, since the control unit always grasps the required fuel gas flow 
rate, even if it does not form especially a sensor, practically sufficient control is 
attained. 

[0030] In a solid-state polyelectrolyte mold fuel cell system according to claim 1, a 
humidity sensor is formed in the downstream of said humidification means, and 
invention according to claim 7 is characterized by having the control unit which 
performs feedback control to the amount of supply of the steam by said 
humidification means, or the amount of supply of the atomized water based on the 
humidity detected by said humidity sensor. In the above invention according to 
claim 7, a humidity sensor is formed in the downstream of the supply means of a 
steam or the atomized water, with this humidity sensor, the humidity of reactant 
gas after being humidified is measured, it judges whether delivery and a control unit 
are humidity with proper it about it at a control unit, and that amount of supply is 
directed to the supply means of a steam or the atomized water. Thereby, reactant 
gas is humidified proper and it becomes possible to maintain a fuel cell to the 
always optimal operational status. 

[0031] Invention according to claim 8 is characterized by constituting said 
humidification means by the nozzle which spouts the steam prepared at least in 
one of said fuel feeding pipe and said oxidizer supply pipe, and the steam generator 
formed in the upstream in a solid-state polyelectrolyte mold fuel cell system given 
in any 1 term of claims 1-7. In the above invention according to claim 8, the steam 
generated with the steam generator blows off from a nozzle to reactant gas, it is 
mixed and reactant gas is humidified. At this time, since mixed humidification is 
compulsorily carried out by the quick rate of flow, compared with the case of the 
humidification which makes diffusion a subject, a humidification means can be far 
used as a compact. 

[0032] Invention according to claim 9 is characterized by constituting said 
humidification means with the spraying nozzle prepared at least in one of said fuel 
feeding pipe and said oxidizer supply pipe, and the pressurizer which pressurizes 
the water prepared in the upstream in a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-7. In the above invention according to claim 
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9, the water pressurized by the booster pump is introduced into a spraying nozzle, 
and water is atomized. The atomized water is fully as small as dozens of microns, 
within reactant gas, it evaporates immediately, and it is mixed and the diameter of 
a drop humidifies it. At this time, since mixed humidification is compulsorily carried 
out by the quick rate of flow, compared with the humidification which makes 
diffusion a subject, a humidification means can be far used as a compact. 

[0033] Invention according to claim 10 is characterized by constituting said 
humidification means with the ultrasonic spraying nozzle prepared at least in one of 
said fuel feeding pipe and said oxidizer supply pipe, and the pump which supplies 
the water prepared in the upstream in a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-7. In the above invention according to claim 

10, since the diameter of a drop is atomized by the ultrasonic vibrator to dozens of 
microns, within reactant gas, it evaporates immediately, and it is mixed and the 
water supplied to the ultrasonic spraying nozzle is humidified. Since mixed 
humidification is compulsorily carried out by the quick rate of flow inside reactant 
gas, compared with the humidification which makes diffusion a subject, a 
humidification means can be far used as a compact. 

[0034] Invention according to claim 1 1 is characterized by said humidification 
means being constituted by the nozzle which supplies water to a part for a part for 
the converging section prepared at least in one of said fuel feeding pipe and said 
oxidizer supply pipe, and said converging section in a solid-state polyelectrolyte 
mold fuel cell system given in any 1 term of claims 1-7. In the above invention 
according to claim 1 1 , reactant gas is that the increase of the rate of flow and a 
pressure decline by part for a converging section, attracts water from a nozzle and 
atomizes water by the big speed difference. Within reactant gas, the atomized 
water evaporates immediately, and it is mixed and it is humidified. Thus, since 
mixed humidification is compulsorily carried out by the quick rate of flow inside 
reactant gas, compared with the humidification which makes diffusion a subject, a 
humidification means can be far used as a compact. Furthermore, since a pump 
etc. becomes unnecessary, much more miniaturization is attained. 
[0035] Invention according to claim 1 2 is characterized by constituting said 
humidification means with the rotating disc prepared at least in one of said fuel 
feeding pipe and said oxidizer supply pipe, the nozzle which supplies water toward 
said rotating disc, and the pump which supplies water to the upstream of said 
nozzle in a solid-state polyelectrolyte mold fuel cell system given in any 1 term of 
claims 1-7. In the above invention according to claim 12, water is atomized using 
the exfoliation phenomenon of the water from the disk by the centrifugal force by 
rotating a rotating disc at high speed and supplying water to the disk. The atomized 
water evaporates immediately within surrounding reactant gas, and humidifies 
reactant gas. Since mixed humidification is compulsorily carried out by the quick 
rate of flow inside reactant gas, compared with the humidification which makes 
diffusion a subject, a humidification means can be far used as a compact. 
[0036] Invention according to claim 1 3 is characterized by connecting the passage 
of the cooling water of said cell stack on the supply way of the water to said 
humidification means in a solid-state polyelectrolyte mold fuel cell system given in 
any 1 term of claims 1-12. In the above invention according to claim 13, since the 
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cooling water currently circulated in order to cool a fuel cell is used as a source of 
humidification, while being cooled to reactant gas beyond the need like [ in the 
case of using the water introduced from the exterior as it is ] is prevented, it 
becomes unnecessary [ preheating equipment ]. Therefore, a simpler and compact 
system becomes possible. 

[0037] Invention according to claim 14 is characterized by connecting to the 
supply way of the water to said humidification means the passage of the 
generation water produced by the reaction within said cell stack in a solid-state 
polyelectrolyte mold fuel cell system given in any 1 term of claims 1-12. In the 
above invention according to claim 1 4, since water is surely generated at the time 
of a generation of electrical energy, when a fuel cell uses this as a source of 
humidification, it becomes unnecessary to newly carry out additional supply of the 
water from the exterior, and a system is simplified further. 

[0038] Invention according to claim 15 is characterized by equipping any 1 term of 
claims 1-14 with two or more said cell stacks in the solid-state polyelectrolyte 
mold fuel cell system of a publication. In the above invention according to claim 15, 
since it is not necessary to form a humidification means in each and can respond 
with one humidification means even if it has two or more cell stacks, it becomes 
possible to miniaturize a system more. 

[0039] Invention according to claim 16 is characterized by establishing a 
preheating means to heat said fuel gas and said oxidant gas beforehand with the 
heat generated with a fuel cell in a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-15. In the above invention according to 
claim 16, since the preheating of the reactant gas supplied to a cell stack is 
carried out by the preheating means, the steam or the atomized water for 
humidification is not condensed within a supply pipe. Moreover, since it can 
respond to wide range cell operating-temperature conditions, effective 
humidification is attained. 
[0040] 

[Embodiment of the Invention] The gestalt of operation of this invention is 
explained below according to a drawing. 

[0041] (1) Explain the gestalt of the operation corresponding to invention of one to 
gestalt (configuration) claim 3 publication of the 1st operation below according to 
drawing 1 and drawing 2 . That is, as shown in drawing 1 , the fuel feeding pipe 2 
which supplies the hydrogen which is fuel gas, and the air supply tubing 3 which 
supplies the air which is oxidant gas are connected to the cell stack 1 of a solid- 
state polyelectrolyte mold fuel cell. Moreover, the cooling water supply pipe 4 is 
connected to the cell stack 1. 

[0042] The steam generator 5 which supplies a steam is connected to these fuel 
feeding pipes 2 and air supply tubing 3. Here, 6 in drawing and 7 show the entry 
where a steam blows off in a fuel feeding pipe 2 and the air supply tubing 3, 
respectively. Flow control valves 16 and 17 are formed in the passage from the 
steam generator 5 to a fuel feeding pipe 2 and the air supply tubing 3, and it has 
the composition that the amount of humidification to a fuel feeding pipe 2 and the 
air supply tubing 3 is controllable, respectively. 

[0043] And the water supply pipe 8 for supplying water is connected to the steam 
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generator 5. There is also an approach which may form a pump depending on the 
flow and pressure requirement of the reactant gas of the downstream, and 
pressurizes water as a pressurization means using the pressure of the reactant 
gas upstream in this water supply pipe 8. 

[0044] Moreover, the fuel gas which was not able to react within the cell stack 1, 
the fuel gas exhaust pipe 10 which discharges air and the air exhaust pipe 9, and 
the cooling water exhaust pipe 1 1 which discharges cooling water are connected to 
the cell stack 1. 

[0045] Furthermore, it considers as the sensor which acts as the monitor of the 
operating state of a fuel cell, and the resistance sensor 18 which detects the 
electric resistance value of the solid-state polyelectrolyte film, and the voltage 
sensor 19 which detects the output voltage of a fuel cell are included in the cell 
stack 1. This resistance sensor 18 and voltage sensor 19 are connected to the 
control unit 1 2. A control unit 1 2 judges the operating state of a cell, and it is 
connected to the steam generator 5 so that a steam yield can be directed. 
[0046] (Operation) The operation of the gestalt of these above operations is as 
follows. That is, to the cell stack 1, the hydrogen which is fuel gas is supplied from 
a fuel feeding pipe 2, and a generation of electrical energy is performed by 
supplying the air which is oxidant gas from the air supply tubing 3. And with the 
cooling water supplied from the cooling water supply pipe 4, the heat generated 
inside a cell is absorbed in the form of the sensible heat of water, and a cell is held 
at proper temperature. Furthermore, the fuel gas and air which were not able to 
react within the cell stack 1 are discharged through the fuel gas exhaust pipe 10 
and the air exhaust pipe 9, respectively. Moreover, cooling water is discharged 
through the cooling water exhaust pipe 1 1. 

[0047] In such a generation-of-electrical-energy process, in a fuel feeding pipe 2 
and the air supply tubing 3, the steam from the steam generator 5 blows off from 
entries 6 and 7, and fuel gas and air are humidified. A control unit 12 judges the 
operating state of a cell, and controls the steam amount of supply from the steam 
generator 5. 

[0048] When an electric resistance value is high, the solid-state polyelectrolyte 
film is more specifically in dryness, but since the solid-state polyelectrolyte film 
means that it is in the condition too much of getting wet with some flooding if an 
electric resistance value is low and output voltage is low, the film is damp and a 
condition can be known with an electric resistance value and an output voltage 
value, therefore, suitable, when a control unit 12 directs an yield to the steam 
generator 5 based on the electric resistance value detected by the resistance 
sensor 18, and the output voltage value detected by the voltage sensor 19 — it 
gets wet and a condition is maintained. 

[0049] An example of the control sequence by such control unit 1 2 is shown in 
drawing 2 . In addition, a membrane resistance value sets R and an electrical- 
potential-difference value to V, and sets each threshold to Rs and Vs. That is, it is 
if the membrane resistance value R from the resistance sensor 18 and the 
electrical-potential-difference value V from a voltage sensor 1 9 are inputted into a 
control unit 12 (step 201). When larger than a threshold Rs, the increment 
command in the amount of humidification is issued for R to (step 202) and the 
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steam generator 5 (step 203). 

[0050] And R is smaller than a threshold Rs f and when smaller than a threshold Vs, 
the amount reduction command of humidification is issued for the electrical- 
potential-difference value V to (step 204) and the steam generator 5. R is smaller 
than a threshold Rs f when larger than a threshold Vs f the amount of humidification 
of a steam generator is maintained, and the electrical-potential-difference value V 
serves as input waiting of the membrane resistance value R and the electrical- 
potential-difference value V (step 206). 

[0051] (Effectiveness) Since fuel gas and the amount of humidification of air are 
controlled according to the gestalt of these above operations, acting as the 
monitor of the operating state of the cell stack 1 continuously, even if actuation 
conditions change, to compensate for this change, the solid-state polyelectrolyte 
film can be damp, a condition can be made good, and the always optimal 
operational status can be maintained. 

[0052] Moreover, since it is not necessary to prepare a humidification part in the 
cell stack 1 like the above-mentioned conventional technique, the miniaturization 
of the cell stack 1 and lightweight-ization are attained. Furthermore, since there is 
the rate of flow quick enough in the oxidant gas in the fuel gas in a fuel feeding 
pipe 2, and the air supply tubing 3 and the rate of mixing with the steam supplied 
becomes quick, the need of a big humidifier, the big bubbler, etc. is not carried out, 
but system-wide miniaturization and lightweight-ization can be realized. 
[0053] (2) Explain the gestalt of the operation corresponding to gestalt 
(configuration) claim 1 of the 2nd operation, claim 2, and invention according to 
claim 7 below according to drawing 3 . That is, humidity sensors 13 and 14 are 
formed in the downstream of the entries 6 and 7 of the steam with which the 
gestalt of this operation was prepared in a fuel feeding pipe 2 and the air supply 
tubing 3, respectively. And humidity sensors 13 and 14 are connected to the 
control unit 12. Thus, the configuration except having formed humidity sensors 13 
and 14 instead of the resistance sensor 18 and the voltage sensor 19 is the same 
as that of the gestalt of the 1st operation of the above. 

[0054] (The operation effectiveness) With the gestalt of these above operations, 
the steam generator 5 and flow control valves 1 6 and 1 7 are controlled by the 
control unit 12, acting as the monitor of the humidity measured by humidity 
sensors 13 and 14 so that it can maintain to the humidity to which fuel gas and air 
were set beforehand, while the cell stack 1 operates. Therefore, since the humidity 
of fuel gas and air is measured directly while the same operation effectiveness as 
the gestalt of the 1st operation is acquired, the required amount of humidification 
can be controlled more correctly. 

[0055] (3) Explain the gestalt of the operation corresponding to invention of gestalt 
(configuration) claim 9 publication of the 3rd operation according to drawing 4 and 
drawin g 5 . That is, in the gestalt of this operation, the spraying nozzle 21 is 
installed in the interior of a fuel feeding pipe 2. This spraying nozzle 21 is 
connected to high pressure pumping 20 through the water supply pipe 22, and high 
pressure pumping 20 is connected to the water supply pipe 8 for supplying water 
from the exterior. And as for high pressure pumping 20, the rotational frequency is 
prepared controllable by the control unit 1 2. Thus, the configuration except having 
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formed a spraying nozzle 21 and high pressure pumping 20 is the same as that of 
the gestalt of the 1st operation of the above instead of the steam generator 5 and 
flow control valves 1 6 and 1 7. 

[0056] (Operation) With the gestalt of these above operations, by high pressure 
pumping 20, the water supplied from the water supply pipe 8 serves as high 
pressure, and is supplied to a spraying nozzle 21 through the water supply pipe 22. 
And as shown in drawing 5 , in case the spraying nozzle 21 in which high-pressure 
water has micropore is passed, it is atomized by the small drop of about 10 
microns of diameter numbers, and is sprinkled into a fuel feeding pipe 2. The 
atomized drop evaporates beforehand within fuel gas, and humidifies fuel gas. Like 
the gestalt of the 1 st operation, in a control unit 1 2, the required amount of 
humidification is judged from the operating state of a fuel cell, it is fed back to the 
engine speed of high pressure pumping 20, the amount of humidification at this 
time raises an engine speed to increase the amount of humidification, and it 
controls it by performing control which lowers an engine speed to decrease. 
[0057] (Effectiveness) According to the gestalt of these above operations, by very 
simple structure and the small member, while the same operation effectiveness as 
the gestalt of the 1st operation is acquired, since a humidification means can be 
constituted, it becomes still compacter and lightweight. 

[0058] (4) Explain the gestalt of the operation corresponding to invention of gestalt 
(configuration) claim 10 publication of the 4th operation according to drawing 6 and 
drawing 7 . That is, in the gestalt of this operation, the ultrasonic nozzle 24 is 
formed in two in a fuel feeding pipe. The water supply pipe 22 with which the 
control-of-flow bulb 23 was formed is connected to this ultrasonic nozzle 24. And 
the water supply pipe 22 is connected to the water supply pipe 8 for supplying 
water from the exterior. The ultrasonic nozzle 24 and the controHof-flow bulb 23 
are connected to the control unit 12. Thus, the configuration except having formed 
the ultrasonic nozzle 24 and the control-of-flow bulb 23 is the same as that of the 
gestalt of the 1 st operation of the above instead of the steam generator 5 and flow 
control valves 1 6 and 1 7. 

[0059] (Operation) With the gestalt of these above operations, the water supplied 
from the water supply pipe 8 is supplied to the ultrasonic nozzle 24 through the 
water supply pipe 22. In the ultrasonic nozzle 24, a feedwater is atomized to 10 
microns of diameter numbers, is sprinkled into a fuel feeding pipe 2 by the 
atomization operation by the supersonic wave, and humidifies fuel gas according to 
it. Like the gestalt of the 1st operation, the amount of humidification at this time 
judges the required amount of humidification from the operating state of the cell 
stack 1, and is controlled by feeding it back to the control-of-flow bulb 23. That is, 
when increasing the amount of humidification, bulb opening is enlarged, and the 
amount of humidification is controlled by performing control which makes bulb 
opening small to decrease. 

[0060] (Effectiveness) Since according to the gestalt of these above operations 
high pressure pumping 20 becomes unnecessary compared with the high-pressure 
spraying method shown in the gestalt of the 3rd operation while the same 
operation effectiveness as the gestalt of the 1st operation is acquired, it can 
consider as a still briefer configuration and much more miniaturization can be 
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realized. 

[0061] (5) Explain the gestalt of the operation corresponding to invention of gestalt 
(configuration) claim 1 1 publication of the 5th operation according to drawing 8 . 
Although the gestalt of this operation is the almost same configuration as the 
gestalt of the 4th operation of the above, it differs in that a part for a converging 
section 26 is prepared in a fuel feeding pipe 2, and not the ultrasonic nozzle 24 but 
the water spray hole 25 is formed in a part for this converging section 26. And the 
water supply pipe 22 is connected to this water spray hole 25. 
[0062] (Operation) Fuel gas is humidified with the gestalt of these above 
operations, the suction effectiveness, i.e., atomizer effectiveness, of the water by 
the high-speed jet. That is, although the fuel which has passed along the fuel 
feeding pipe 2 gathers the rate of flow gradually as it approaches a part for a 
converging section 26, on the contrary, a pressure falls gradually and turns into the 
minimum pressure in a part for a converging section 26. Then, the water supplied 
from the water supply pipe 22 is attracted through the water spray hole 25, and is 
atomized and humidified by high-speed fuel gas. The amount of humidification at 
this time is controlled by the same control as the 4th above-mentioned example. 
[0063] (Effectiveness) Since according to the gestalt of these above operations 
the ultrasonic nozzle 24 becomes unnecessary compared with the gestalt of the 
4th operation while the same operation effectiveness as the gestalt of the 1st 
operation is acquired, structure can be simplified further. Moreover, since power 
for atomizing water is not needed other than control of a flow control valve 23, 
higher generating efficiency can be acquired. 

[0064] (6) Explain the gestalt of the operation corresponding to invention of gestalt 
(configuration) claim 1 2 publication of the 6th operation according to drawin g 9 . 
Although the gestalt of this operation is the almost same configuration as the 
gestalt of the 4th operation of the above, the points which have adopted the 
rotation atomization method differ. That is, the atomization room 29 is established 
in the part in a fuel feeding pipe 2, and the rotating disc 27 connected by the 
motor 28 into it is arranged. A taper part is prepared in this rotating disc 27, and 
the point of the water supply pipe 22 is arranged in the location close to a taper 
part. 

[0065] (Operation) With the gestalt of these above operations, a rotating disc 27 
rotates by the motor 28 at high speed. And by the taper part of a rotating disc 27, 
the water supplied from the water supply pipe 22 moves to rotating-disc 27 edge 
by the centrifugal-force effectiveness, serves as a drop from the edge concerned, 
and is sprinkled at the atomization room 29 which are some fuel feeding pipes 2. 
The sprinkled water evaporates as it goes to the downstream, and it humidifies fuel 
gas. The amount of humidification at this time is controlled by the same control as 
the 4th above-mentioned example. 

[0066] (Effectiveness) Since according to the gestalt of these above operations 
the drop of a fixed particle size can be supplied according to the flow rate of broad 
water while the same operation effectiveness as the gestalt of the 1st operation is 
acquired, the humidification stabilized extremely is realizable. 

[0067] (7) Explain the gestalt of the operation corresponding to invention of gestalt 
(configuration) claim 13 publication of the 7th operation according to drawing 10 . 
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Although the gestalt of this operation is the almost same configuration as the 
gestalt of the 1st operation, the points using the cooling water of a cell as 
humidification water differ. That is, the cooling water exhaust pipe 1 1 of the cell 
stack 1 is connected to the radiator 31 through the pump 30. This radiator 31 is 
connected to the cooling water supply pipe 4 through the return pipe 33. The bulb 
32 for supply is formed in the cooling water supply pipe 4. Moreover, the cooling 
water exhaust pipe 1 1 is connected also to the steam generator 5 through the 
pump 30. 

[0068] (Operation) With the gestalt of these above operations, after being sent 
with a pump 30, going into a radiator 31 and being cooled to laying temperature, 
the cooling water discharged from the cell stack 1 is again supplied to the cell 
stack 1 through a return pipe 33, and it circulates through it. And some circulating 
water is led to the steam generator 5, and it is used for humidification of reactant 
gas. The amount of humidification at this time is controlled by the same control as 
the 1st above-mentioned example. Since a circulating water flow will become less 
gradually if it is used for humidification, the bulb 32 for supply is opened and an 
insufficient part is supplied. 

[0069] (Effectiveness) Since according to the gestalt of these above operations 
humidification water is beforehand heated by the waste heat of a cell while the 
same operation effectiveness as the gestalt of the 1st operation is acquired, 
energy required for the heating heater in the steam generator 5 etc. is reducible. 
Therefore, the generating efficiency of a system improves further. 
[0070] (8) Explain the gestalt of the operation corresponding to invention of gestalt 
(configuration) claim 14 publication of the 8th operation according to drawing 1 1 . 
Although the gestalt of this operation is the almost same configuration as the 
gestalt of the 7th operation of the above, the points using the generation water 
generated by reaction time inside the fuel cell as humidification water differ. That 
is, the vapor-liquid-separation machine 34 is formed in the air exhaust pipe 9 of 
the cell stack 1. This vaporHiquid-separation machine 34 is connected to the 
steam generator 5 through the pump 30. 

[0071] (Operation) The discharge air from the cell stack 1 passes along the vapor- 
liquid-separation machine 34 by the gestalt of these above operations, and air and 
excessive moisture are discharged through an exhaust pipe 9 with it outside. With 
a pump 30, it is led to the steam generator 5, the liquid, i.e., the water, separated in 
the vaporHiquid-separation machine 34, it serves as a steam, and is used for 
humidification of reactant gas. The amount of humidification at this time is 
controlled by the same control as the 4th above-mentioned example. 
[0072] (Effectiveness) Since according to the gestalt of these above operations 
humidification water is beforehand heated by the waste heat of a cell while the 
same operation effectiveness as the gestalt of the 1st operation is acquired, 
energy required for the heating heater in the steam generator 5 etc. is reducible. 
Therefore, the generating efficiency of a system can be raised further. 
[0073] Furthermore, since the amount of the generation water of a fuel cell is 
sufficient for humidification water enough, from the exterior, it is not necessary to 
supply water, a simpler system configuration becomes possible, and miniaturization 
and lightweightHzation can be realized. 
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[0074] (9) Explain the gestalt of the operation corresponding to invention of gestalt 
(configuration) claim 15 publication of the 9th operation according to drawing 12 . 
Although the basic configuration of the gestalt of this operation is the same as 
that of the gestalt of the 1st operation, the points which are the systems which 
consist of two or more cell stacks differ. That is, the tees 37, 38, and 39 from a 
fuel feeding pipe 2, the air supply tubing 3, and the cooling water supply pipe 4 are 
connected to the extended cell stack 35. The entries 6 and 7 of a steam are 
established in the upstream of tees 37 and 38. Moreover, the air exhaust pipe 300 
from the cell stack 35, the fuel gas exhaust pipe 301, and the cooling water 
exhaust pipe 302 are connected to the fuel gas exhaust pipe 9 from the cell stack 
35, the air exhaust pipe 10, and the cooling water exhaust pipe 11. 
[0075] (Operation) Since the entries 6 and 7 of a steam are established in the 
upstream of tees 37 and 38, humidification of two or more cell stacks 1 and 35 
with one humidifier can be provided with the gestalt of these above operations. 
And like the gestalt of the 1st operation, a control unit 12 acts as the monitor of 
the output voltage of the cell stack 1 detected by the voltage sensor 19, judges 
the operating state of a cell, and determines the amount of humidification as the 
electric resistance value of the solid-state polyelectrolyte film detected by the 
resistance sensor 18 of the cell stack 1. A control unit 12 will order it the required 
amount of humidification to the steam generator 5, and reactant gas will be 
humidified according to this. 

[0076] (Effectiveness) Since according to the gestalt of these above operations it 
is not necessary to establish a humidification means for every cell stack even if it 
is the fuel cell which has two or more cell stacks 1 and 35, large miniaturization is 
attained. Moreover, components mark also decrease sharply and a manufacturing 
cost can also be reduced greatly. 

[0077] (10) Explain the gestalt of the operation corresponding to invention of 
gestalt (configuration) claim 16 publication of the 10th operation below according 
to drawing 13 . Although the basic configuration of the gestalt of this operation is 
the same as that of the gestalt of the 1st operation, after carrying out the 
preheating of the reactant gas through the inside of the cell stack 1, the points 
which he is trying to humidify differ. That is, the fuel gas supply pipe 2 and the air 
supply tubing 3 have penetrated the preheating ducts 40 and 41 prepared in the 
cell stack 1. And the entries 6 and 7 of a steam are established in the fuel gas 
supply pipe 2 and the air supply tubing 3 which came out of the preheating ducts 
40 and 41, and it is further led in the cell stack 1. 

[0078] (Operation) With the gestalt of these above operations, the preheating of 
the fuel gas supplied from the fuel gas supply pipe 2 and the air supply tubing 3 
and the air is carried out through the preheating ducts 40 and 41 prepared in the 
cell stack 1. And after being humidified by the steam generator 5 in the exterior of 
the cell stack 1, it is led in the cell stack 1 and reacts. 

[0079] (Effectiveness) Since according to the gestalt of these above operations 
the preheating of the reactant gas is carried out and a steam is supplied in the 
condition that temperature is high, it is hard coming to condense the steam which 
blew off in reactant gas, and the effective humidification of it is attained in a wide 
range temperature field. Moreover, since the heat produced by generation of 
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electrical energy of the cell stack 1 is used for the preheating of reactant gas, it is 
efficient. 

[0080] (1 1) Gestalt this invention of other operations is not limited to the gestalt 
of the above operations, and the configuration of each part material can be 
changed suitably. For example, as a gestalt of the operation corresponding to 
invention according to claim 4, instead of the humidity sensors 13 and 14 in the 
gestalt of the 2nd operation, even if it uses the current sensor which measures the 
current of the cell stack 1, it can consider as the information for the amount 
decision of humidification. That is, since the amount of humidification is 
proportional to a burden mostly, if it sets up a proportionality constant beforehand, 
it can compute the amount of humidification required in order to consider as the 
optimal humidity. 

[0081] Furthermore, on a system, since a burden is determined from the side to be 
used in many cases, in that case, the control unit 12 will grasp the burden, and 
even if it is the case where a sensor is not used, a certain amount of control is 
attained. 

[0082] Moreover, as a gestalt of the operation corresponding to claim 5 and 
invention according to claim 6, even if it uses the flow rate sensor of fuel gas 
instead of a humidity sensor, it can consider as the information for the amount 
decision of humidification. That is, since the amount of humidification is 
proportional to a fuel flow mostly, if it sets up a proportionality constant 
beforehand, it can compute the amount of humidification required in order to 
consider as the optimal humidity. The same thing can completely be said also 
about an air flow rate. 

[0083] Furthermore, since a burden is determined on a system from the side to be 
used in many cases and a burden is proportional to the amount of reactant gas 
mostly again, even if it is the case where the control unit 12 will grasp the amount 
of reactant gas, and does not use a sensor in that case, a certain amount of 
control is possible. 

[0084] Moreover, it is also possible as a gestalt of the operation corresponding to 
invention according to claim 8 to form the steam generator 5 instead of the 
booster pump 20 in the gestalt of the 3rd operation of the above. Moreover, 
although humidification by the side of fuel gas is performed with the gestalt of the 
3-6th operations of the above, it is also possible to perform humidification by the 
side of air by the same approach. Moreover, although acted as the monitor of the 
condition of the typical cell stack 1 as an operating state of a cell with the gestalt 
of the 9th operation of the above, two or more cell stacks 1 and the value of an 
average of 35 may be adopted. Moreover, a humidity sensor which stated the 
humidification condition with the gestalt of the 2nd operation as a means which 
acts as a monitor may be used, and a flow rate sensor may be used. Furthermore, 
various humidification means which it is not limited to the steam generator shown 
in drawing 12 as a humidification means, and were stated with the gestalt of the 3- 
6th operations are applicable. 

[0085] Moreover, with the gestalt of the 10th operation, since evaporation of water 
is further promoted also when the atomized water which was shown in the gestalt 
of the 3-6th operations is used, more positive humidification is attained so that 
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water may not condense around. As a preheating means, the heat exchanger of 

cooling water and reactant gas may be used. 

[0086] 

[Effect of the Invention] As explained above, even if according to this invention it 
gives moderate moisture to the solid-state polyelectrolyte film and actuation 
conditions, such as load conditions, change to it, the solid-state polyelectrolyte 
mold fuel cell system which can control the amount of humidification to reactant 
gas can be offered so that it can operate in the condition optimal as a fuel cell. 
Moreover, the solid-state polyelectrolyte mold fuel cell system in which a 
miniaturization, lightweight-izing, and low-cost-izing are possible can be offered. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the solid-state polyelectrolyte 
mold fuel cell system which used the solid-state poly membrane as an electrolyte, 
and relates to the maintenance function of the humidification condition of a solid- 
state poly membrane, and the solid-state polyelectrolyte mold fuel cell system 
which improved to space efficiency. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 
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PRIOR ART 

[Description of the Prior Art] By making fuels, such as hydrogen, and oxidizers, 
such as air, react electrochemically, a fuel cell is equipment which transforms into 
direct electrical energy the chemical energy which a fuel has. Also in it, the solid- 
state polyelectrolyte mold fuel cell which used macromolecule ion exchange 
membrane for the electrolyte has the descriptions, like that power density is high, 
that structure is simple, and operating temperature is comparatively low, and the 
expectation for much more ED is growing. 

[0003] The basic configuration of the cell in such a solid-state polyelectrolyte 
mold fuel cell is explained below according to drawing 14 . That is, the solid-state 
poly membrane 102 which has ion conductivity is inserted, the anode electrode 103 
and the cathode electrode 104 are arranged, and the cell 101 is constituted. The 
anode electrode 103 is formed of anode catalyst bed 103a and anode porosity 
carbon plate 103b. The cathode electrode 104 is formed of cathode catalyst bed 
104a and cathode porosity carbon plate 104b. 

[0004] The separator 105 of gas impermeability which has conductivity is arranged 
at the upper and lower sides of this cell 101. The slots 103c and 104c for supplying 
reactant gas to the anode electrode 1 03 and the cathode electrode 1 04 are 
established in this separator 105. 

[0005] In the above solid-state polyelectrolyte mold fuel cells, if fuel gas is 
supplied to the anode electrode 103 and oxidant gas is supplied to the cathode 
electrode 104, respectively, electromotive force will arise as follows according to 
electrochemical reaction in inter-electrode [ of the pair of a cell 101 ]. That is, 
first, although hydrogen is used as fuel gas and air is usually used as oxidant gas, if 
hydrogen is supplied to the anode electrode 103 and air is supplied to the cathode 
electrode 104, respectively, with the anode electrode 103, the supplied hydrogen 
will be dissociated into a hydrogen ion and an electron in anode catalyst bed 103a. 
And a hydrogen ion passes along the solid-state poly membrane 102, and an 
electron passes along an external circuit and moves to the cathode electrode 104, 
respectively. 

[0006] On the other hand in the cathode electrode 104, the oxygen, the above- 
mentioned hydrogen ion, and electron in the supplied air react in cathode catalyst 
bed 104a, and water is generated. At this time, the electron passing through an 
external circuit serves as a current, and can supply power. That is, in the anode 
electrode 103 and the cathode electrode 104, the reaction shown in the following 
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formulas 1 and a formula 2, respectively advances. In addition, the generated water 
is discharged out of a cell with a unconverted gas. 
[0007] 
[Formula 1] 

anode reaction: — H2 ->2H++2e- the — type 1 — [Formula 2] 
Cathode reaction: 2H++1/202+2e — >H2 O In the — type 2 and time, since the 
electromotive force of a cell 101 is as low as less than [ 1 V ], the usual practical 
use mold fuel cell system has the cell stack which carried out the laminating of the 
cell 101 of dozens - 100 numbers through the above-mentioned separator 105, 
and the generation of electrical energy by this cell stack is performed. And 
although the temperature up of such a cell stack will be carried out with a 
generation of electrical energy, in order to control this temperature up, the cooling 
plate is inserted for every cell of several sheets. 

[0008] As a solid-state poly membrane 102 which has the ion conductivity used 
for the above solid-state polyelectrolyte mold fuel cells, the perfluoro ROKABON 
sulfonic acid (Nafion R : U.S., Du Pont) which is the proton exchange film is known, 
for example. While this film functions as an ion conductivity electrolyte by having 
and carrying out the saturation water of the exchange group of a hydrogen ion into 
a molecule, it also has the function to separate a fuel and an oxidizer. On the 
contrary, if membranous moisture content decreases, ion resistance will become 
high, the crossover which an oxidizing agent mixes with a fuel occurs, and a 
generation of electrical energy by the cell becomes impossible. For this reason, as 
for a solid-state poly membrane, what is considered as saturation water is 
desirable. 

[0009] When the hydrogen ion separated with the anode electrode by generation of 
electrical energy moves to a cathode electrode through a solid-state poly 
membrane, in order that water may also move together on the other hand, in an 
anode electrode side, it is tended to dry a solid-state poly membrane. If there are 
few steams with which the fuel to supply or air is included, it is tended near 
[ each ] a reactant gas entry moreover, to dry a solid-state poly membrane. 
Generally from the above-mentioned reason, supplying the fuel humidified 
beforehand and an oxidizer is performed to the solid-state polyelectrolyte mold 
fuel cell. 

[0010] As this humidification approach, various attempts are made from the 
former. The fuel cell shown in U.S. Pat. No. 5,284,718 is one of those are most 
generally known. This establishes a humidification field in the interior of a cell 
stack, as shown in drawing 15 . That is, fuel gas and oxidant gas are humidified in a 
humidification field with a humidifier, before going into the reaction field which is 
the cell section. This humidification approach makes reactant gas adjoin water 
through semipermeable membrane, and when a water molecule passes 
semipermeable membrane, it humidifies. The amount of humidification is influenced 
by the differential pressure of water and reactant gas, temperature, the physical- 
properties value of a semipermeable membrane proper, area, thickness, and 
number of sheets. 

[0011] Moreover, the humidification approach proposed in JP,7-29591,A as other 
conventional techniques is learned. As it is generally called the bubbler method and 
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is shown in drawing 16 , this installs water tank T equipped with the heater in fuel 
Rhine, and humidifies by passing fuel gas in water. The amount of humidification is 
influenced by the amount of fuel gas, the temperature of the water in a tank, and 
the geometry of a tank. 

[0012] Furthermore, the thing using the ultrasonic vibrator proposed in JP,6- 
231788,A as other conventional techniques is known. As shown in drawing 17 , this 
approach installs the ultrasonic vibrator S connected to the power unit P in the 
interior of the tank T of water, humidifies the reactant gas which is atomizing the 
water by the supersonic wave and entered from reactant gas entry I, and 
discharges it from the reactant gas outlet O. The amount of humidification is 
influenced by the output of an ultrasonic vibrator S. 
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EFFECT OF THE INVENTION 

(Effectiveness) Since fuel gas and the amount of humidification of air are 
controlled according to the gestalt of these above operations, acting as the 
monitor of the operating state of the cell stack 1 continuously, even if actuation 
conditions change, to compensate for this change, the solid-state polyelectrolyte 
film can be damp, a condition can be made good, and the always optimal 
operational status can be maintained. 

[0052] Moreover, since it is not necessary to prepare a humidification part in the 
cell stack 1 like the above-mentioned conventional technique, the miniaturization 
of the cell stack 1 and lightweight-ization are attained. Furthermore, since there is 
the rate of flow quick enough in the oxidant gas in the fuel gas in a fuel feeding 
pipe 2, and the air supply tubing 3 and the rate of mixing with the steam supplied 
becomes quick, the need of a big humidifier, the big bubbler, etc. is not carried out, 
but system-wide miniaturization and lightweight-ization can be realized. 
[0053] (2) Explain the gestalt of the operation corresponding to gestalt 
(configuration) claim 1 of the 2nd operation, claim 2, and invention according to 
claim 7 below according to drawing 3 . That is, humidity sensors 13 and 14 are 
formed in the downstream of the entries 6 and 7 of the steam with which the 
gestalt of this operation was prepared in a fuel feeding pipe 2 and the air supply 
tubing 3, respectively. And humidity sensors 13 and 14 are connected to the 
control unit 12. Thus, the configuration except having formed humidity sensors 13 
and 14 instead of the resistance sensor 18 and the voltage sensor 19 is the same 
as that of the gestalt of the 1 st operation of the above. 



[Translation done.] 



http:/ /www4.ipdl. inpit.go.jp/ cgi-bin/tran_web_cgi_ejje 



2007/10/25 



JP,11-162490,A [TECHNICAL PROBLEM] 



1/2 v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, there were the following 
troubles in the above conventional solid-state polyelectrolyte mold fuel cell 
systems. 

[0014] (1) By the method with the humidifier using the trouble semipermeable 
membrane by the humidifier method using semipermeable membrane, since it is 
necessary to build a humidifier into the interior of a cell stack, the whole cell stack 
becomes large and weight-izes. 

[0015] Moreover, in order to make a humidification condition the optimal, it is 
necessary to control the amount of humidification according to an operation 
situation. However, by the method humidified in a humidification field before putting 
fuel gas and oxidant gas into a reaction field, control of the amount of 
humidification becomes very difficult. It is because it is impossible practically to be 
able to change neither temperature nor the reagent-gas-pressure force a lot, and 
to change the area and the number of sheets of the reaction film when some load 
conditions are set up. 

[0016] Therefore, in this method, it becomes impossible [ the amount of 
humidification ] for designing with allowances so that relative humidity may always 
become 100%, and passing gas with low relative humidity somewhat according to an 
operation situation. Moreover, with this method, they are a lifting and a cone about 
the cell performance degradation there are too many amounts of humidification 
and according to the flooding of a cell contact layer. 

[0017] (2) In the humidification method by the trouble bubbler by the bubbler 
method, since there is no humidification section in a cell stack, there is no problem 
of enlargement of a cell stack or weightHzing. However, since still bigger water 
tank T is needed as a humidifier, it enlarges and the whole system weight-izes. 
Moreover, since the electrical and electric equipment generated by the cell will be 
used when using electric heater H as a heat source, there is a problem of dropping 
the effectiveness of a system. Moreover, in order to use the heat generated in 
reaction time by the cell as a heat source, a big heat exchanger is needed. 
[0018] Furthermore, although control of the amount of humidification cannot but 
correspond by changing the temperature of the water in water tank T in some 
decided load conditions, good responsibility cannot expect it easily from the 
amount of the water in water tank T being large, and the heat capacity of the 
water tank T itself being large. Moreover, since the temperature of reactant gas is 
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decided by temperature of a bubbler in the case of this method, it is freely 
uncontrollable. 

[0019] (3) A degree of freedom is [ method / by the trouble supersonic wave by 
the ultrasonic sensing method / humidification / a bubbler method ] comparatively 
large, and since the amount of humidification is controllable with the output of an 
ultrasonic vibrator, as for the temperature of reactant gas, it is possible to make it 
change independently. However, to water tank T being required, it is unchanging, 
and a problem is in points, such as system-wide enlargement and weight-izing. 
Moreover, a response becomes slow, although it is not a bubbler method since a 
cell will be supplied after drawing reactant gas in water tank T specially and making 
it mix with waterdrop in order to carry the water atomized by the supersonic wave. 

[0020] (4) Although three common conventional examples of the trouble above are 
typical, the common fundamental concept of these methods is supplied to a cell, 
after introducing reactant gas in a humidifier and making it mix. However, since 
there is almost no flow in a steam side when it is made this method, the rate of 
mixing becomes slow. Therefore, in order to make the mixed state into sufficient 
thing, a big tooth space is needed. 

[0021] This invention is proposed in order to solve the trouble of the above 
conventional techniques, and even if it gives moderate moisture to the solid-state 
polyelectrolyte film and actuation conditions, such as load conditions, change, the 
purpose is in offer the solid-state polyelectrolyte mold fuel cell system which can 
control the amount of humidification to reactant gas so that it can operate in the 
condition optimal as a fuel cell. 

[0022] Moreover, other purposes of this invention are to offer the solid-state 
polyelectrolyte mold fuel cell system in which a miniaturization, lightweight-izing, 
and low-cost-izing are possible. 
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MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
this invention has the following technical features in the solid-state polyelectrolyte 
mold fuel cell system by which the electrolyte membrane which consists of a solid- 
state macromolecule was equipped with the cell stack which has at least one cell 
arranged between a fuel electrode and an oxidizer pole, the fuel feeding pipe which 
supplies fuel gas to said fuel electrode, and the oxidizer supply pipe which supplies 
oxidant gas to said oxidizer pole. 

[0024] That is, invention according to claim 1 is characterized by establishing a 
humidification means to supply a steam or the atomized water to either [ at least ] 
said fuel feeding pipe or said oxidizer supply pipe. In the above invention according 
to claim 1, since the amount of humidification is controllable to arbitration with a 
humidification means, when [ which is the need ] only a complement humidifies 
reactant gas by the way, the good positive humidification of responsibility is 
attained and a cell stack can be maintained to the always optimal operational 
status. Furthermore, since there is the rate of flow quick enough in the oxidant gas 
and the steam in the fuel gas in a fuel feeding pipe, and an oxidizer supply pipe and 
the rate of mixing becomes quick, neither a big humidifier nor a big bubbler is 
needed, but a compact and lightweight system configuration becomes possible. 
[0025] Invention according to claim 2 is characterized by having the control unit 
which performs feedback control to the amount of supply of the steam by said 
humidification means, or the atomized water based on the operating state of said 
cell stack in a solid-state polyelectrolyte mold fuel cell system according to claim 
1. In the above invention according to claim 2, it can supervise in what kind of 
condition the cell is operating, humidification [ what ] can judge the need to 
reactant gas in the condition, it can be told to a humidification means, and required 
humidification can be performed. This becomes possible to maintain a fuel cell to 
the always optimal operational status. 

[0026] Invention according to claim 3 is characterized by the operating states of 
said cell stack being the electric resistance value of said electrolyte membrane, 
and the output voltage of a cell in a solid-state polyelectrolyte mold fuel cell 
system according to claim 2. If an electric resistance value is low when the film is 
generally damp enough as a film property, and the film is further damp with the 
above invention according to claim 3 to the substrate layer on the catalyst bed 
which gets wet too much and approaches, or its outside, since the diffusion to the 
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'film surface of reactant gas is checked, the so-called FURATTINGU phenomenon 
arises and the cell engine performance falls remarkably, a generation-of^electrical- 
energy electrical potential difference will fall remarkably. When it is judged as 
desiccation feeling and the amount of humidification is increased, when an electric 
resistance value increases, a membrane resistance value is low and output voltage 
has fallen from this film property, control which gets wet, judges it as **** and 
stops the amount of humidification is performed. Thus, if it controls, operation is 
continuable by making a cell into the always optimal humidification condition. 
[0027] Invention according to claim 4 is characterized by the operating state of 
said cell stack being the burden of a cell stack in a solid-state polyelectrolyte mold 
fuel cell system according to claim 2. In the above invention according to claim 4, 
the burden of a cell, i.e., the generation-of-electrical-energy output of a cell, is in 
proportionality mostly with the amount of reactant gas. Moreover, the amount of 
reactant gas and the amount of humidification are also in proportionality mostly. 
Therefore, if a sensor detects the burden of a cell, the required amount of 
humidification can be determined easily. Moreover, since the control unit always 
grasps the required burden demanded from a use side when operating a system, 
even if it is the case where especially a sensor is not formed, practically sufficient 
control of it is attained. 

[0028] Invention according to claim 5 is characterized by the operating state of 
said cell stack being a fuel gas flow rate which flows said fuel feeding pipe in a 
solid-state polyelectrolyte mold fuel cell system according to claim 2. In the above 
invention according to claim 5, if a fuel gas flow rate is measured directly, based on 
this, the amount of humidification of fuel gas can mainly be determined. Moreover, 
it becomes possible [ a flow rate ], since each other has a fuel flow and an oxidizer 
flow rate mostly at proportionality to determine the amount of humidification of 
oxidant gas based on a fuel gas flow rate. Furthermore, since the control unit 
always grasps, even if a required fuel gas flow rate does not form especially a 
sensor, practically sufficient control of it is attained. 

[0029] In invention according to claim 6, the operating state of said cell stack is 
characterized by being the oxidant gas flow rate which flows said oxidizer supply 
pipe in a solid-state polyelectrolyte mold fuel cell system according to claim 2. In 
the above invention according to claim 6, if an air content is measured directly on 
an oxidant gas flow rate and a general target, based on this, the amount of 
humidification by the side of air can mainly be determined, moreover, a fuel gas 
flow rate and an oxidant gas flow rate are mutual — since it is in proportionality 
mostly, it also becomes possible to determine the amount of humidification of both 
gas. Furthermore, since the control unit always grasps the required fuel gas flow 
rate, even if it does not form especially a sensor, practically sufficient control is 
attained. 

[0030] In a solid-state polyelectrolyte mold fuel cell system according to claim 1, a 
humidity sensor is formed in the downstream of said humidification means, and 
invention according to claim 7 is characterized by having the control unit which 
performs feedback control to the amount of supply of the steam by said 
humidification means, or the amount of supply of the atomized water based on the 
humidity detected by said humidity sensor. In the above invention according to 
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claim 7 t a humidity sensor is formed in the downstream of the supply means of a 
steam or the atomized water, with this humidity sensor, the humidity of reactant 
gas after being humidified is measured, it judges whether delivery and a control unit 
are humidity with proper it about it at a control unit, and that amount of supply is 
directed to the supply means of a steam or the atomized water. Thereby, reactant 
gas is humidified proper and it becomes possible to maintain a fuel cell to the 
always optimal operational status. 

[0031] Invention according to claim 8 is characterized by constituting said 
humidification means by the nozzle which spouts the steam prepared at least in 
one of said fuel feeding pipe and said oxidizer supply pipe, and the steam generator 
formed in the upstream in a solid-state polyelectrolyte mold fuel cell system given 
in any 1 term of claims 1-7. In the above invention according to claim 8, the steam 
generated with the steam generator blows off from a nozzle to reactant gas, it is 
mixed and reactant gas is humidified. At this time, since mixed humidification is 
compulsorily carried out by the quick rate of flow, compared with the case of the 
humidification which makes diffusion a subject, a humidification means can be far 
used as a compact. 

[0032] Invention according to claim 9 is characterized by constituting said 
humidification means with the spraying nozzle prepared at least in: one of said fuel 
feeding pipe and said oxidizer supply pipe, and the pressurizer which pressurizes 
the water prepared in the upstream in a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-7. In the above invention according to claim 

9, the water pressurized by the booster pump is introduced into a spraying nozzle, 
and water is atomized. The atomized water is fully as small as dozens of microns, 
within reactant gas, it evaporates immediately, and it is mixed and the diameter of 
a drop humidifies it. At this time, since mixed humidification is compulsorily carried 
out by the quick rate of flow, compared with the humidification which makes 
diffusion a subject, a humidification means can be far used as a compact. 

[0033] Invention according to claim 10 is characterized by constituting said 
humidification means with the ultrasonic spraying nozzle prepared at least in one of 
said fuel feeding pipe and said oxidizer supply pipe, and the pump which supplies 
the water prepared in the upstream in a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-7. In the above invention according to claim 

10, since the diameter of a drop is atomized by the ultrasonic vibrator to dozens of 
microns, within reactant gas, it evaporates immediately, and it is mixed and the 
water supplied to the ultrasonic spraying nozzle is humidified. Since mixed 
humidification is compulsorily carried out by the quick rate of flow inside reactant 
gas, compared with the humidification which makes diffusion a subject, a 
humidification means can be far used as a compact. 

[0034] Invention according to claim 1 1 is characterized by said humidification 
means being constituted by the nozzle which supplies water to a part for a part for 
the converging section prepared at least in one of said fuel feeding pipe and said 
oxidizer supply pipe, and said converging section in a solid-state polyelectrolyte 
mold fuel cell system given in any 1 term of claims 1-7. In the above invention 
according to claim 1 1 , reactant gas is that the increase of the rate of flow and a 
pressure decline by part for a converging section, attracts water from a nozzle and 
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atomizes water by the big speed difference. Within reactant gas, the atomized 
water evaporates immediately, and it is mixed and it is humidified. Thus, since 
mixed humidification is compulsorily carried out by the quick rate of flow inside 
reactant gas, compared with the humidification which makes diffusion a subject, a 
humidification means can be far used as a compact. Furthermore, since a pump 
etc. becomes unnecessary, much more miniaturization is attained. 
[0035] Invention according to claim 1 2 is characterized by constituting said 
humidification means with the rotating disc prepared at least in one of said fuel 
feeding pipe and said oxidizer supply pipe, the nozzle which supplies water toward 
said rotating disc, and the pump which supplies water to the upstream of said 
nozzle in a solid-state polyelectrolyte mold fuel cell system given in any 1 term of 
claims 1-7. In the above invention according to claim 12, water is atomized using 
the exfoliation phenomenon of the water from the disk by the centrifugal force by 
rotating a rotating disc at high speed and supplying water to the disk. The atomized 
water evaporates immediately within surrounding reactant gas, and humidifies 
reactant gas. Since mixed humidification is compulsorily carried out by the quick 
rate of flow inside reactant gas, compared with the humidification which makes 
diffusion a subject, a humidification means can be far used as a compact. 
[0036] Invention according to claim 13 is characterized by connecting the passage 
of the cooling water of said cell stack on the supply way of the water to said 
humidification means in a solid-state polyelectrolyte mold fuel cell system given in 
any 1 term of claims 1-12. In the above invention according to claim 13, since the 
cooling water currently circulated in order to cool a fuel cell is used as a source of 
humidification, while being cooled to reactant gas beyond the need like [ in the 
case of using the water introduced from the exterior as it is ] is prevented, it 
becomes unnecessary [ preheating equipment ]. Therefore, a simpler and compact 
system becomes possible. 

[0037] Invention according to claim 14 is characterized by connecting to the 
supply way of the water to said humidification means the passage of the 
generation water produced by the reaction within said cell stack in a solid-state 
polyelectrolyte mold fuel cell system given in any 1 term of claims 1-12. In the 
above invention according to claim 14, since water is surely generated at the time 
of a generation of electrical energy, when a fuel cell uses this as a source of 
humidification, it becomes unnecessary to newly carry out additional supply of the 
water from the exterior, and a system is simplified further. 

[0038] Invention according to claim 15 is characterized by equipping any 1 term of 
claims 1-14 with two or more said cell stacks in the solid-state polyelectrolyte 
mold fuel cell system of a publication. In the above invention according to claim 15, 
since it is not necessary to form a humidification means in each and can respond 
with one humidification means even if it has two or more cell stacks, it becomes 
possible to miniaturize a system more. 

[0039] Invention according to claim 16 is characterized by establishing a 
preheating means to heat said fuel gas and said oxidant gas beforehand with the 
heat generated with a fuel cell in a solid-state polyelectrolyte mold fuel cell 
system given in any 1 term of claims 1-15. In the above invention according to 
claim 16, since the preheating of the reactant gas supplied to a cell stack is 
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carried out by the preheating means, the steam or the atomized water for 
humidification is not condensed within a supply pipe. Moreover, since it can 
respond to wide range cell operating-temperature conditions, effective 
humidification is attained. 
[0040] 

[Embodiment of the Invention] The gestalt of operation of this invention is 
explained below according to a drawing. 

[0041] (1) Explain the gestalt of the operation corresponding to invention of one to 
gestalt (configuration) claim 3 publication of the 1st operation below according to 
drawin g 1 and drawin g 2 . That is, as shown in drawing 1 , the fuel feeding pipe 2 
which supplies the hydrogen which is fuel gas, and the air supply tubing 3 which 
supplies the air which is oxidant gas are connected to the cell stack 1 of a solid- 
state polyelectrolyte mold fuel cell. Moreover, the cooling water supply pipe 4 is 
connected to the cell stack 1. 

[0042] The steam generator 5 which supplies a steam is connected to these fuel 
feeding pipes 2 and air supply tubing 3. Here, 6 in drawing and 7 show the entry 
where a steam blows off in a fuel feeding pipe 2 and the air supply tubing 3, 
respectively. Flow control valves 16 and 17 are formed in the passage from the 
steam generator 5 to a fuel feeding pipe 2 and the air supply tubing 3, and it has 
the composition that the amount of humidification to a fuel feeding pipe 2 and the 
air supply tubing 3 is controllable, respectively. 

[0043] And the water supply pipe 8 for supplying water is connected to the steam 
generator 5. There is also an approach which may form a pump depending on the 
flow and pressure requirement of the reactant gas of the downstream, and 
pressurizes water as a pressurization means using the pressure of the reactant 
gas upstream in this water supply pipe 8. 

[0044] Moreover, the fuel gas which was not able to react within the cell stack 1, 
the fuel gas exhaust pipe 10 which discharges air and the air exhaust pipe 9, and 
the cooling water exhaust pipe 1 1 which discharges cooling water are connected to 
the cell stack 1 . 

[0045] Furthermore, it considers as the sensor which acts as the monitor of the 
operating state of a fuel cell, and the resistance sensor 18 which detects the 
electric resistance value of the solid-state polyelectrolyte film, and the voltage 
sensor 19 which detects the output voltage of a fuel cell are included in the cell 
stack 1. This resistance sensor 18 and voltage sensor 19 are connected to the 
control unit 12. A control unit 12 judges the operating state of a cell, and it is 
connected to the steam generator 5 so that a steam yield can be directed. 
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OPERATION 



(Operation) The operation of the gestalt of these above operations is as follows. 
That is, to the cell stack 1, the hydrogen which is fuel gas is supplied from a fuel 
feeding pipe 2, and a generation of electrical energy is performed by supplying the 
air which is oxidant gas from the air supply tubing 3. And with the cooling water 
supplied from the cooling water supply pipe 4, the heat generated inside a cell is 
absorbed in the form of the sensible heat of water, and a cell is held at proper 
temperature. Furthermore, the fuel gas and air which were not able to react within 
the cell stack 1 are discharged through the fuel gas exhaust pipe 10 and the air 
exhaust pipe 9, respectively. Moreover, cooling water is discharged through the 
cooling water exhaust pipe 1 1 . 

[0047] In such a generation-of-electrical-energy process, in a fuel feeding pipe 2 
and the air supply tubing 3, the steam from the steam generator 5 blows off from 
entries 6 and 7, and fuel gas and air are humidified. A control unit 12 judges the 
operating state of a cell, and controls the steam amount of supply from the steam 
generator 5. 

[0048] When an electric resistance value is high, the solid-state polyelectrolyte 
film is more specifically in dryness, but since the solid-state polyelectrolyte film 
means that it is in the condition too much of getting wet with some flooding if an 
electric resistance value is low and output voltage is low, the film is damp and a 
condition can be known with an electric resistance value and an output voltage 
value, therefore, suitable, when a control unit 12 directs an yield to the steam 
generator 5 based on the electric resistance value detected by the resistance 
sensor 18, and the output voltage value detected by the voltage sensor 19 — it 
gets wet and a condition is maintained. 

[0049] An example of the control sequence by such control unit 1 2 is shown in 
drawing 2 . In addition, a membrane resistance value sets R and an electrical- 
potential-difference value to V, and sets each threshold to Rs and Vs. That is, it is 
if the membrane resistance value R from the resistance sensor 18 and the 
electrical-potential-difference value V from a voltage sensor 19 are inputted into a 
control unit 12 (step 201). When larger than a threshold Rs, the increment 
command in the amount of humidification is issued for R to (step 202) and the 
steam generator 5 (step 203). 

[0050] And R is smaller than a threshold Rs, and when smaller than a threshold Vs, 
the amount reduction command of humidification is issued for the electrical- 
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"potential-difference value V to (step 204) and the steam generator 5. R is smaller 
than a threshold Rs f when larger than a threshold Vs f the amount of humidification 
of a steam generator is maintained, and the electrical-potential-difference value V 
serves as input waiting of the membrane resistance value R and the electrical- 
potential-difference value V (step 206). 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the gestalt of operation of the 1st of 
the solid-state polyelectrolyte mold fuel cell system of this invention. 
[Drawing 2] It is a flow chart showing the basic sequence of the humidification 
control in the gestalt of operation of drawing 1 . 

[Drawing 3] It is the block diagram showing the gestalt of operation of the 2nd of 

the solid-state polyelectrolyte mold fuel cell system of this invention. 

[Drawing 4] It is the block diagram showing the gestalt of operation of the 3rd of 

the solid-state polyelectrolyte mold fuel cell system of this invention. 

[Drawing 5] It is the sectional view showing the fuel gas supply pipe near [ in the 

gestalt of operation of drawing 4 ] the spraying nozzle. 

[Drawing 6] It is the block diagram showing the gestalt of operation of the 4th of 
the solid-state polyelectrolyte mold fuel cell system of this invention. 
[Drawing 7] It is the sectional view showing the fuel gas supply pipe near [ in the 
gestalt of operation of drawing 6 ] the ultrasonic nozzle. 

[Drawing 8] It is the sectional view showing the fuel gas supply pipe near [ in the 
gestalt of operation of the 5th of the solid-state polyelectrolyte mold fuel cell 
system of this invention ] the converging section. 

[Drawing 9] It is the sectional view showing the fuel gas supply pipe near [ in the 
gestalt of operation of the 6th of the solid-state polyelectrolyte mold fuel cell 
system of this invention ] the rotation atomization equipment. 

[Drawing 10] It is the block diagram showing the gestalt of operation of the 7th of 

the solid-state polyelectrolyte mold fuel cell system of this invention. 

[Drawing 1 1] It is the block diagram showing the gestalt of operation of the 8th of 

the solid-state polyelectrolyte mold fuel cell system of this invention. 

[Drawing 12] It is the block diagram showing the gestalt of operation of the 9th of 

the solid-state polyelectrolyte mold fuel cell system of this invention. 

[Drawing 13] It is the block diagram showing the gestalt of operation of the 10th of 

the solid-state polyelectrolyte mold fuel cell system of this invention. 

[Drawing 14] It is a sectional view showing an example of the cell structure of the 

conventional fuel cell. 

[Drawing 15] It is the side elevation showing an example of the conventional fuel 
cell system which has a humidification part in the interior of a cell stack. 
[Drawing 1 6] It is the block diagram showing an example of the conventional fuel 
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v cell system equipped with the bubbler as humidification equipment. 
[Drawing 1 7] It is the sectional view showing an example of the conventional cell 
stack equipped with ultrasonic atomization equipment as humidification equipment. 
[Description of Notations] 

1 35 — Cell stack 

2 — Fuel feeding pipe 

3 — Air supply tubing 

4 — Cooling water supply pipe 

5 — Steam generator 

6 7 — Steam entry 

8 22 — Water supply pipe 
9,300 — Air exhaust pipe 

10.301 — Fuel gas exhaust pipe 

1 1.302 — Cooling water exhaust pipe 

12 — Control unit 

13 14 — Humidity sensor 

16, 17, 23, 32 — Flow control valve 

18 — Resistance sensor 

19 — Voltage sensor 

20 — High pressure pumping 

21 — Spraying nozzle 

24 — Ultrasonic nozzle 

25 — Water exhaust nozzle 

26 — Converging section 

27 — Rotating disc 

28 — Motor 

29 — Atomization room 

30 — Circulating pump 

31 — Radiator 

33 — Cooling water return pipe 

34 — Vapor-liquid-separation machine 
37, 38, 39 — Tee 

40 41 — Preheating duct 

101 — Cell 

102 — Solid-state poly membrane 

103 — Anode electrode 

1 03a — Anode catalyst bed 

103b — Anode porosity carbon plate 

103c — Fuel-supply slot 

1 04 — Cathode electrode 
104a — Cathode catalyst bed 

104b — Cathode porosity carbon plate 
104c — Oxidizer supply slot 

105 — Separator 
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anx* y^QffWieia, meaib)iiaa««a4i«M 

^bffl**X3itfiT'fe4C t £4$St<!:-f 4„ IU±©.fc5fca 
**6Si*©*MH-Ctt. &<b#j7J*X3Sfi, — «MI=I*B 

aa^aaas-^ihii. c*u=s-3i^t\ ±i=aaa© 
inaa**sr*ci4«-e#4. *fc. £a#xaa& 
Bfl:«*rxaai*, *saiMs«tt«H«i=fc*©-c, a 

:S©#X©aaSfi£Sfe5rr4;i£tRnr&i:fc4, * & 
l=. aKttBB:*fxafil*ttBtttaBBfr' : ffiaL-CL«& 

©-e. #t-fe>-9— «Kttft<x4i. aa±+»<t«» 

fr«>ra£>S:4. 



[ o o 3 o i n«a 7 Ee©aai*. is*^ 1 taa©@ 
(**»*«*affl«»«as/XTAi=feL*r» ncaa 
*»©Taai=. aa-bv*— 36<tai+&*v. meaa-b 
1=* yfe*n**ufcasi=s-J^-c, aama^a 
i= j:'«jkSfta>ftttii l < i*a*ll<b£:Hfc*©{*lsS 
taiT, 7*-K/<v$M»*fT5ttwafi«a*.fc 
ct^tts. u-t©j:3ttB*a7EB©£&-e 
it. *aa*fci*«tt<b**i.fc7R©«a¥««>Ta«i= 
aa-b^-y— *ait. c©aa-b>-y— cio-c, Ana 
£:h.fca©Kjs#x©aa£ai£u *4i£«ra&Bf= 
au . «»aaa-c-4iA<9jE«aa-eft«^^5^£«i 
«u *mm*f=i*a*4'(b*Ht=7K©ffi*&#a^^©« 
aa*«*-r*. -Jh.K«fcyR(&#xteBjEi-aaa$ 
*u «aaasaaaa«:zattai=a»-r«=j:«tqr 

[ o o 3 1 ] a^a s iBa©^B^i*. w*a 1 ~ 7 ©i* 
1 ai=eaa>attiX5^ BBB&BBBas'X?- 
Aicfcivr, mrEJtoa^ai*. BEBattBanatflnr 
EaftaaaartoiMi: < £ **-*i=«i+6*ifc*aa 
£pma-r 4/x;u,t, *©±aai=ait&4xf=*aaa 
^aa^i=<fe'3Taa$4iri^c^:$4$a&-r«. u 
±©«fc5a»*a8Ea©«atji*. *aaa±aai= 
-ca£Lfc*Bsu*. yx;u«feysf5^x^i:iaai* 

%s-c 3#j w i=a^ ana * h 4 t *&& * t -r 4 

JiD;S©lg-&l-Jt-<T. UDS^KSI^AM-^ hi- 
[OO 3 2] a^a9Ett©f6WI4. iijfcJS 1 ~ 7 ©Ia 

r^fr 1 flcettioBMiBtfnatmvife^f 
AizfctNT. mua¥iRtt. WEaaaaaAatfa 
eiMbaaa«Ma>^« < t *-#i=bi* &*ifcBB-/ 

X;ut. ^-©Ji3fi®lici5i+e,^f-7k^»]BE-r-SUni±gS 

a«ca*a9Ea©aiHT!i*. anE7K>^i=«fcoT»EE 

««<b**tfc*i*. aaa^a+s^ n>t+»fc** 
<. sis**xnT?a%icaaL., afi-**iJoa-r*. c 
©<k#. ai^aa-ea«Mi=aaftiadH<sfeA. »a 

[0 0 3 3] R*aiOEt«>Jinit. If*«1~7© 

•xAlzfct^T, f!TE*P;1#KI*> mE«»«fsartai/: 
ItlEaibaiJ«t*& , grtC0'>ti: < i: t — * lc»it &*tfcfiS- 
£i«8yX;ui:. *©-h3Sfiyi-i£l+t,*rfc**«*&-r4 

ji©*3*»*ai oEarosesa-ci*. msmkmjx 
in=aa * *ifc*tt««a«a*r= * y aaa*«a+ 5 
^pv*-ca«wb**L*©-e. Rj6#xrt-ca-£f=aa 
l, a***Linar*. fiKjfxrtaroa^aa-eaa 



(6) mmw- 1 1 - 1 6 2 4 9 O 



[0 0 3 4] ffi$«1 1E«©3&SBI4, If3fcll1~7<7> 
l^Ttifr 1 EI=E«ro@i*ffitt^*«?MM*m*;t!lS/X 
xAi=fcu-c. fiirEinjl^&f*. liirEttmift&ert&tf 
1foEiHb*iJ«*&ert<7>'>ft < t i-7JI=t&lf e>*i.fcii£ y 

«i££;h.-c^-& eu:<D«fc5ftfii3ft3S 

«fc 5 f=. JS(5**XrtSP©jI^3S)$T-a$i|Wlc;E^J)Da$ 

li-5;!N::=j>/<£ M=-r&::i:j!><-e#-S = ££>!=. tK> 
^t^It)!f4fcft. cfcy-B<© Hb*<Rjftg 
fcft.5. 

[0 0 3 5] »#J3l 2E«OTf6BJ3l*. 1*3*511 ~7fl> 

i*y*i* i «i-E*a>@t*;SE^««itaf«E^**^^ 
^Ai=fcu-c. liJEJniS^fgi*. ME«m«*SSrt;&tf 
ffiE^bSijfiti&ert<7>'j>tt < t t-^i-isite»*ifcis]iK 

RfiSt. liJEHfeHSKftfroTTk^flUfc-rayXJU 
1l1lE/X;KD±35fiiJlzzK^*&-r*7K>^i:lz c fco 

JI1 2E«ro*i!B-ei±. ElEn«*SEiST»iaHE*i*s j e 

JniSt*, KJt#xrttt©*i^aEiS-c3i*l«ii=S-&AaS 
£*v.&fctf>. fittk^^fc-r-Sioaicib^x. Jnil3MS 
£l*.g>AM=:3>/<-9 M=y*:: 
[0 0 3 6] W*3Si 3E*©«IBIi..BI*9ii~i 2 
OHvrjfc* 1 qil-E«<Dlltt:S;»^««mS!«»**>> 

ItFE»];a*K'^a>*©«*feKl=^«3?*^XL^€> c i: 

ia±ro<fc 5^1**311 3E*ro5sw7?i*, « 

-5 l=&JS#x£-C-&gJU-bl=;frffl£;h.£ C i: 

X, «fcy*>lT?3 hftvX^rAjb<RT1jg,!:ft£„ 
[O 0 3 7] M$«1 4Ett©f6BJll±. 1**311 ~ 1 2 
(Divf*.* 1 «f=EliroHf*:W#^**ltli«»*jfeS' 

fc***oa»4<. fJE»S^K^©*©tt*S8&l=J£*S 
*;h.-CU JiLt© <t 5ft!*5RSI 1 4 

-s©-t?. cti*i«aafc LTWffl-r«cti=«fcy. Krfc 



[O o 3 8] 1**3(1 5Ett©S£BJJI±. »*Jll ~ 1 4 
Ol^?*.* 1 3ll=E«©@ttfc#^*S?HM«*4*;(!l*> 

I*. tt*©*5tex*ryf «SLTL>T%, ftL«h.l=ln 

S*:*bl=. J:y->XfAS3>/^ MbTSC 
£ft$. 

[0 0 3 9] W*JS1 6E«©*BJ?I±. i**3i1~1 5 
©IN-f 1 9II=E*aiB{t;ft&?*ffiK£Ktt*5&2' 
x^-Mzfcl^T. JfflE8»:tfx£frEK<b*!;tfXi:£, 
&&W;fel=-C*£fc-r*>Sfcl=<J: y^J»y4^S»#SA<Slt 
6*iT^*^tS««i-r*. ULb©<fc5ftI**3!l 6 
ER©SBB.BT?I±. ajfex-ji -y?|zt!«S£:h.S£j£:tfxrf>< 
^S8H?J&l=«»:o-C^!S&;*;h.&©-C-. J»Sffl<0*^afe-S 

[0 0 4 0] 

[SgBJia>3SiS©Jfcffi] **^05SgSSro^SIS, @®l=1* 

[0041] ( 1 ) % 1 ©3?i£©j&!fi 

(«MK) l**Sil ~3E*©SMHI=S«rr43llfc©**ffi 

£. si ao:ig2icfi£orKiTi=3iB^-r4„ -rft*>*>. 

IS 1 lz*-r«fe 5 l=. @i*£#^-*#St£!«*4*;ft©*ai 
x*-;/*ii=i*. «##x-efc***£«*&-r««*4« 
*se2t. mbffi#xT?ft«ffift«flufrr«3Eft«(ift* 

3A<«lS**tT^-S. *fc. Wto** V* 1 1=1*. 

[0 0 4 2] Cfr&0**ttfft«2j:3Sttlft«3l:: 

*. @*fl)6, 7 1*. **t-e*T.*«ftA<JK»« 

«t 2 t Sftttttff 3 i*i4 A y P « S LTl» 

3~.©3SKlzl*. 3S**J»#1 6. 1 7*<fSI+6*i-Cfc 

y, **t€*v«»«ifc«2atfffiftflMfc*3'v©ipai* 
^ n > k □ — jut? # sens t tc o t ln s „ 

[0 0 4 3] -t LT. *SS«*^»«5I=I4, 
8lc|± % T3itffi|cDS)*:**xroff^^l=<fcoTl±, tK> 

031173 * fijffl L T * * JQEE-T 4 7j Sfe t» fc S . 
[0O4 4] -v^ 1 1=1*. taiWv? 

1 nxS)CL#tLftA^•ofc*gi|!4*•x^:^Em^»tti■rS«« 

***'x»tbgi oat;^ft»ai®9t. »ai**#a-r 

[0 0 4 5] *Jtex$( 'J*? 1 1=1*. *»«jfe© 



(7) 



4#BB¥ 1 1 -1 6 2 4 9 0 



^mmoai^mBE^giai-r-smEE-tr^-y— i 9t*«i 

fr&£tiXl^&<, crogtafifi-br/-9— 1 QB.VWE.-b> 
■9—1 9I±. Mfflgai 2lz^*HT^€>., flftSS 
1 2 1*. ^(Dttl&ttHS^JBJrL. Tk^ftfE^S^Jt^ 

[0046] (fpffl) laio^d^HJSro^of^ffl 

lilUTOjiy-C-fc&o "f i IzfcfL 

r. Bl«**xr-fc**.^A^^«tS§2^e,«*&*ti.. 

tl:<tot t %ntf?it>*iZ. fit, ^ai7k«*&g4 
Wt&X5> 1 MT'SrSL^ti.'EcA^o 

fcism#xi:sai±. ^H^H«*4^x#ai© i o. ^ 

[0 0 4 7] CcD^dfcfEmi&flf-fclvc. 

[oo4 8] «fcyjn*iwi;i±. m%^mt>m^tmiii 
^4 ><7$s.<fr-e%ti-r go>#.m\z&z ^t?giTi^ 

iT&tiAZttt-'Wil&trimt. lEtVif- 1 9lc«ko 
[0049] ^0)&5tiLmWmW\ 2 |C ^7" 

-ffc*>*>, $iJffliSMi 2ic. «iftM4z 1 a^t>a> 

iSlafRttE-b>^-1 9frt.0>miH£V7!><A7J£ 

*l»**l=:l± Uf-;^2 0 2) % 7kglSi^±^®5l- 

[0 0 5 0] ■?■ Lt, R A* L ^ l^ffi R s <fc y t £ < , 
miEfilVtfL^lMitV s «fc y t/J^LMf^-lrlt (Xf'J 

?204) . *mf5.ni£3insiz-SsiLxlmi&m%L'Pfi<fr 
A<ttJ$HS. RA<L^t^filRs«fcy t/Jx$<. WEffiV 

A<L#iMiv s «»; y t^#t.Mi^ici±. ^mnn^m 

©SDSMliftftStu MfitafiRt^EfiiV(DA*#*» 
fcfc-S Uf";^2 O 6) „ 

[005 1] (xij^) ia±a><fc5fc*5ti(6©}B!!SI-«fcft 



mm $m&-t -s - «»: t<x * -s „ 

[0 0 5 2] £t= % ±tB<DS£*^a5©cfc5l-m*X^-y 

$iro/hM1b> SS<bA< prat's -5, ££1^ ®m&i& 
S 2 rtajgma*;*.. 3 fccD&<b#]:*j *f-ii. 

+»i3at^3iA<fcy. tttt$*i«Jk£ft 

[0 0 5 3] (2) m20)ilIS0>^SI 

(tffi£) IfjRJSl, it*il2Ri;i&*^7f2m<7>fEB^I= 

s-fis-r-ssiffiro^^. H3iz«eorJUTiciftB^-r-5. 

3lzi6lft>4xfc7ks6m<7)Ay P6. 7©TaSffl(-. 
^+i;aS-b >-y— 1 3, 1 43b<Slft>ti.ri.^. -tL 

jgg-lr>-y— 1 3. 1 4 14, Mill 2lz^* 
*ixln^o c <D«fc?l=ffifitfifi-fe :>+)-— 1 8&tf^[±-tz> 

■9— i 9<7>«*5yi-jagE-b>-9— i 3. i 4£tsH-fcja 
[oo5 4] (f^fflsam) &L±o>&otj:*nmo>i&mx' 

S*Hfc;aSlc*t»T-^*J:5. Mt>*- 1 3, 1 
4lzJ:oT;li]^;*;h.&;IJl£^-$-L&j!><t>. M«p£ 
81 2lc,fcoT7K^§t§E£g®5;&t>:3Sa$W*M 6. 
1 7i<a> ha— ;u*4xSo t^T, mi OTHJSOTflSSi 

[0055] o) m3<Dmm<Dmm 
H4Rt;ii5iz€torittB^-r-5 0 -rts^*., xm&w* 

A^SS^-C^^. Z©lgSyXvU2 1 l±, 7ktti£g2 
2^^LTSE^>^2 0lr^*^v. B5JE^>^2 0 

"CL^'5„ -t LT, ^E^>^2 0l±. *0)®m&tf&m 

isi 2i=«fcox»]eiiPr^ui6i-j-e»tL-cLN^ 0 cro«fe5 
i-7k^a*±^M5, ssa$«#i 6. 1 7©«^y 

ifiS^ X;U 2 1 Ri;ii!E7K>3> , 2 0 £tgltfcKm<D 
[0 0 5 6] (tfUB) JU±0)J:5«i:*§IJSfl)JBa|-eii, 

?L^^oi«syxju2 1 essa+5^D 

>fSSa»/h * « j&mzW&it * *i. ^*4<S*&© 2 A ^» 

aKHbitifcjSjatt^^xw-e^AJI* 
L, em;tf:*£i]D;g-r-5. C<0i:^©J)n;gfili, 1105 



(8) 



1 1-1 62490 



fcL><t#lilHife»^±lf. «»Lfc^i:#l±(5l«ESft^T 
if zmw £ ff 5 - k fc & o r a > s □ •£ o 
[0 0 5 7] !U±<DJ:5fc*f£i£roJfc8glc,fc;h. 

tic, gMtl=****jti'J**fc«tttt=J:oT. JbPS^ 

tomtit*. 

[0058] (4) t&4<D3£l£<DJB«& 

(fcfifc) »#>gi otE«co&Bjncaj£^*£te(Dff*l& 

@6&t;@7icfi£oTi5iB^-r^ 0 ffc*>*>, *§sj£ 
ro^«Si=fc^Ti±. Bm#H£eW2P*aic, ffi^ifi>'X;u 

2 4A<Kltbtlt^4. C<Dffi^ift/;OU2 4|C|;}\ SE 
S«M/<JU?2 3A<Sltt.4xfc7K««S«2 2A<^*tt 

Tt^s„ *lx, *t**ss 2 2 1*. ns?A^*^ffi*&-r 

St::&<7>7ktttSS8IC&|&4;KTU.5. Shifty X;u 2 
4&tf3S«|ii]1SA;u?2 3li. $Jttg9i 2ic&&4;h. 
TL>S„ Z©J:-5lc*3S9LS6£ga5, 3£«S!I«#1 
6. i 7a>tt:byic. IB : &ifi/x*;u2 4.&u:3it*$«A 
)V7 2 3 eifcltfeUrtalftjgl*, ±E©m 1 

[0059] (ffffl) jaJto>«fc3'S*H;&6rofl5«S-c(i, 
*ft&S8*£<**s4;h.f=7Ki±. *t«m«2 2£*-lt 

ilE*;£./;OU2 4lceMfc4*i£. ffl^3fiyX;U2 4lzfc 
lnti±s *g J &ifclc«fc.&8MbfttBlc«fcy.. «j&7k*<ltsa 
+ 5*o>£-ett*iHb4:»v *tttt**2A'<4Mi$*i 
x. «*4:tfx ca>i:#©*pa*r±, SSio 

5Sifca>fiSJl&i|i5]«lc. m&x* 1 Otttbttagfr 
SfcflajMa^JBJrU *tiZ%i*.9iW'<)l>zr 2 3<^k7 
-r-K/\*>v>-f-SCi:lz«fcy*JffliS*L-S. o*y. JiQjg 

£ £lcl*A;u:?BI)g£ 'h4 < f SAW* d ,!: |c <fc o 

[0 0 6 0] (j^) m±O5«fc5&*2Si60>}fc!!llc«fc;h. 

i*. m-io>&mo>i&mkfsi&<Di$m&imtfiftt>ixz>tk 

tic. SgSOOlgJEro^Jglc^LfcSEstafTDSCIcJt^ 
T, SE/-K>^2 0A^Si:/«j:i)fl)T% 4t>lc»i;g&1i 

[006 1] (5) IB 5 

(«)£) »*Hn 1 ffi«©*Bj?|cttlS-raSl£a>»!!g 

S8lc«eoTlftWr-So *SISE<D^98I*> ±8B©m 
4©3IS6(D^SIi:liliPI«©«ll56-Cfc**<. 

2rtiri±«yep»2 6*<fgite>*u c<Dgys»2 6 

IC, i8tS>'X^2 4T*l±'S<7kl«8?L2 5A<ffcltb*L 
Tl*«£fi<ll4:&. f LT. ^«)*i8E2 5lcli, *. 
«j£S2 2*<S«|*Hr^S. 

[0 0 6 2] (ftffl) JU±£D«fc5t£*HS6<D^ffi-C?l±. 
SjHat35lc«fc^7KcD«i?|}a)S> -P*y»R)C#3aSlcJ:o 



o-c#fc«!Sii. «yss»2 6ic5a#<icottx3itii* 
&*ida-fA<. s«icjE7ji±^>5ricT*<ys #ygB#2 

6lcfcLxTjR(S<0ff73i:*-5. I"**:. 7k#*SS2 2^ 
£>e«£4:h. -5>7KA<. 7K«JllSfl.2 5^aoT?R?l3?tL s S 
&0«*4#XIC«fcoT«fc8Hb4*l.T, *Q;1*ti-S. CO) 

> ho— ;u4*i-&,, 

[0 0 6 3] Ja-t©<fc-55£*H!£roffimic«fc;h. 
tic. |g4(D|gl£a)»!!8lcJ±-<-c. mn&SX)l'2 4A< 

•5„ *f=, sK*©n»#2 3©*ijwja^ici± s TK^mitr 

[0064] (6) S&6©38J6<Z>fl£9S 

(gut) w^jsi 2E»a>*eai=s*i6-r*sgifi©»» 

4OT*!teroj&!g£f5l3:|3]«<D«j$T?fcSjb<. SteS-lb* 
£$fltfilL-Clt«A*t||«:«. Tftb*. Ktttttt«2 
flO-SPlci*. 8<bS2 9A<Sit&*LTfcy. 
lc, =6— Si 2 8|co3SA<nfcHieR«2 7A<K«4*LT 
C0>I1|kR»2 7IC(±. "T—s<$vftti<mrth>in.. 

^-/<w»icias-r*e«ic. 7k«*&«2 2<z>5tsisaB3!)< 
[0065] (fMB) lairo^a^njeo^iin?!*. 

-E-^l 2 8IC«fcoTllien«2 7*<S5j$-ClHl|Kr-S. 
Lt, 2 2*xC,«i*&4*l.i)*l±, niisnM2 7 

©7 L -/^^ICj;oT. S't>733aar-lsllER»2 74«gP 
'vtgIL, SSEaga5*^fS3Si:'5:oT«*4«*&g2<D 
-g|5-efe«.15^2 9^t»fli4*tS. »*T4*T.fc* 
l±. T5gfi!ll-^<lctaEoT36ftL. K^^X^ttlS-r 
S. C(Dt^O)JiO;1*li» ±te<Dm4<DHifi«i|i:l^fiRro 
$dt»-e=i > h p— ;u44x-5o 
[0 0 6 6] (SJbS) IU±©J;-5'S^IIJ£0»!BIcJ:+l 

i*. mi <»mm<Dw*i&kmtiii<Dftm%\g:-h<ftt>tiz>bk 
tic, «i£t^7k©git*ici£i:r. *ic-sojiagroj«Ma 

[0067] (7) SS7(0||l£©JK«i 

(.mm) »*«1 3«EKcD^iaicS4t5-r-5HJEro»!H 

®i oicttoxiftBj-r-s. ^uttero^siii, mia> 

HJ6<D^9li:lil^filO«mr-fc-S>A<, M*i Ltt 

^ 1 (D^fflTk^tti'g 1 lli. 7\i>73 O^Lt7i?l 
—9 3 1 icjgigl 4*1X^4. CO^^i-iSi 3 1 l±. M 
y^3 3^tft-LT^4P*«t*Se4lC^4*tTt^S. 3^ 
4P7K«*&«4ICI±. &&m;<)\,7 3 2A^SI+c,*vTLn 

^a*#aiei n±, ?k>^3 o^^-lttk 

UStfE^S 5 ic t f* « 4 *IX U S . 



(9) 



tSBB 3 ?! 1-1 6 2 4 9 0 



[0068] (fpffl) njL±am5t£^mma>mmx'tt. 
war*, ^l-c. flui7Ka>-aii±. *na 

f6±S3 5 IcS^tu fi(S*fxa>AQ;1l-ffll'>f>tt.5„ CCD 

[0 0 6 9] (j»£) lU±OT<fc?fc*ft;6S<DJMglcJ;;h. 
tic, *DS*A^tom*«)Rlftl3j:yjjDf^iH.S<7)-C% 

gisi±-r-5= 

[oo7o] (s) mBG>mm<z>i&m 

(fit/*) it*«i 4iaK£D^icaiB-r5^J6(D»^ 

£*<flfc£. ^fc^*., mftlX* 1 0>£§UIWJt9 
icii. fU$#glS3 4A<lS:ite > +LTL^*„ crom&ttSt 

|§3 4l±, ^>^3 0£rt-LT*HSlSe*Sf 5IC^3? 

[007 1] (ffffl) jy.±0>J: 5 <C*HtS<D^§|T?l*. 
mjfeX^ 1 A^O&tiJ^Slli, m>£#gi3§3 4£il 

y, 3gaau:^'Ec7R^*<#ai^9^iio-c*fg5'vi:^ 

hb**i-&o SU$ttfiS§3 4lzfc^-C^HSttfc?S«:-rtC 
ft*.*!*, ^>3f3 0[Z«fe-3T*^S.^S5IC^AN 

.t^wAnsai*. ±ta©m4(oiiS£«i^©«ij^i-c=i 
> ha— 

[0072] (jam) JU-ttOcfc-s^nisaj^giic.fctv 

tic, jioa^A^toajfeoBgsKizj: yjipfSft**i.i)<Dr% 
5 icfclf Sttilft t — 5" »l=&Kfci*;HF 

[0073] *e>ic, im^^tmn^'Ao)±j&7K(Ji§.-n 
+»Sy-50)-e, ^SBJ:y7k$*i*&r4^A<'S<, J: 

y mm* is*TJ*.mf$.ff*i&k # y . =i>a? Mb. & 

[0074] (9) m9 0>SBS©ff2!S 
IS, mi cng|l£cDJK^i:im^|-C-fc-5A<, «&<Dma!lX-$» 
*6^3;&l/5^*i£^4fr*a>#tegB3 7, 3 8. 3 



9A<S^*HTL%*„ *It©AyP6, 7I±, ^dSffli 
3 7, 3 8C35iSSfi!llClSltti^tTL^-5„ m?l!!X^ 

3 5#>£>a>££U#Hit3 o o, «**4*fx^mg 3 o 

1, ^iPTtCSf tUS 3 0 2 l±, B^X^'V'S'SSAnC,©^ 

»#x*ffl«9. ffifitftttitf i o. HfSPTk&tU^i lie 

[0 0 7 5] (flUB) W±©<fc5&*IIJ£©J&!gT-l±. 
7kHm<OAyP6, 7I±, 5i-llSg|J3 7, 3 8<7>-t3S<!l= 

3 5©JiO;1£*j!>^«E5c£:;!><-e£-5o fit. ft] 

tspggi 2i±, , m-\a>mmo>r*mtmm-. manxs-v 

^ 1 (DgtnUHz >+)— 1 8lc«fco-C&dJ£=h.£@i*ii5tt 
^F-mPMfficoa^ffitafilt, mBE-fe>-9— 1 9lz«fcor 

2li*M&Se£Sg5^ifcgfcMMfi£li'$rU Cjidtft 

[0076] (am) &±a>«fc5fc*iiffirofl28iic.fc;h. 
ffistwrn^x^f i . 35 $^-ri.^*4m*T-fc 

ott, #^«IX^-v^C*i:|Cjn;S#fS:5Slt^!&MA< 

p a p^3at^nic><c<^y, iaitnx k <ssfc-e 

[0077] ( i o ) m i o o>mMo>j&m 

(mm) is*^i 6iE®a>*B^ic-iitH£-r^iij£(7)BSi 

EI1 3lc«e-oriUTIc|ftB^-r^ 0 *5gffi<Bff2!|g<D8 
ttftlfttt. mi <0HJ£<&^ffi£|5]t§-Cfc.SA<. 

lzLTU-5>^7bW«C-So -TtC^*.. ««*4^tt*&@2& 

u^uft*s^3(i, mjfex^ -v^ i rticisi+f>^fc^jift 

4 0. 4 1 An e,tiitzMniS 2 Rtf^fUftiSS® 3 
iclt, 7K^ao>AyP6. 7A<ISItb*t, se.icmjt!ix 

[007 8] (ftffl) jy±0)J:5^*IIJ6©JKSlT-l^ 

**^<t3gai±. mftx* -^^ i rticiaite.+tfc^f^^ 

h40, 4 1 SJlo-C^Sft^+V^o •fit. mjftX^ >v 

^ 1 ©^ffljicT7kna**S5izj:ytt]S*^fc^ m 
1 wicsa^ si£-rs„ 

[0 0 7 9] (aS) Ul-h©.k ; 5**llt6<O^SIlc < >:H 
If. RlS**XA^ga*+i.SJtA<^!Lx«8g-C7K^mA<«*S 
SlS?JXI*3lcifia}SHfc7klimi±MSSLI= 

<t){f.5„ Sfc, J5E5A*XO^!lftlc|*, m.%l**"jt> 10) 

f£iiicj;y±i:fcfiftSfflLN^©-r?» ja^w-cfe-s. 
[ o o 8 o] (id teonisan&sg 
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mmo>i&mzt$tfz>mm-b>-y— i 3, 1 4©ft=by 

[008 1] ->X^A±, ft^*l±fiJffl-T'5« 

Hi 2*»«HtIlLtl»«cit<i:i|. -b^-y— £ 
S. 

[OO 8 2] *fc, »#£5;&tffS3fcJg6fB«©#£BJll- 
£tti<Df&8S<t LT, SfiE-b Oft*> y |- jg 

««<!: -T-S-i:A<T?#-S. -fftfr*.. JO;S«l±li:l£Bm 

ftjUt* -T 4fctolZi»S/«cJQ;-g*SliaiT-# & w t 1= ft 

[OO 8 3] vXfA±. mffi*l±fi]ffl1-&1H 

A>e,^**t-S*#A^<. j!55«l±£fcKrS:tfX«l= 
siSitcii-r-so-e. -troiB^iifWgs 1 2*<si&**x 

[OO 8 4] IS#JS8tE«©SeiHic*tJS^-&§gi£ 
W^HIiiLT. ±|B0>3g3 0)35i6<O^Sgl-fcltSlDlI/K 

Warr?fc*. J:E<D»3~6©lll£0)»9lr'l±. 

S£a>fl3Jg-eii. Wjferof^WttHi: Lt. +t£B<ift«;fex 

$ v9 1 (75 tfclgfc^'S' — L.-C (/>•&>&<, 4iS8E<7>«;t!lX$ 
•^1, 3 5 LTfc.fcL''. *fc. 3WS 

tMB^-* — ^•S^St LTI*. *2©HJ6(0jKS|-C 
KE^fci -5 ftii£-fe l^T =t,«fc<U 3S*-tr>-y- 

-£ffll^TtJ;L\ *blr s mm^&t LTI±. HI 2 
l=^-r7K3SftftftSII-BBS*ti.^^i: l*ft<. S3- 6 

[0 0 8 5] £fc. SSI 0©Ht6<7)BSlT-li. 353-6 

tfsus-r -s * 5 ft c t *<ft < . * y «tHft»iaA< pthi t 

ft-5. ^Sft^StLT, 3fcffl*<tJ5lC#X<!:a>i»5c&S§ 
[O O 8 6] 

ftn{*K#^***SS*»**S'X7 i A£tI«r4 - £ 



[HHaffiJUftBtH] 

[Hi] ^fEWOHftiB^mjKHSK^m^vX^A 
[0 2] Hi <&HIE©BJglcfc(t*»lSftW<7>a*i>- 

>r >x £«-r aSftsn? . 

[13] *S^©@ttS^«#*i2«#«;fc->X^A 
[14] *«i©i(*S»ftSJIS«*Hi'>XfA 

<r>n 3 <7>3is£a>^ai^*r«ifiEia'efc-5. 

[H5] H4©SU6©»ailzj3ltSi!tlSyX;Uja«<7)«g 
[16] *f6B^©@tt:S^*«*^*8»**->X^A 

[17] laeoiiisro^iBirfcitss^jRy x^ifi^flj 
«8«**x«»&« * ^-r Bf®H-c „ 

[18] **E©Hi*iB#^m#itS£#m&vX^A 
[IS] *«Wfl)i»iB» : ?-t»!lHa*tI*vXfA 

x«*se*^-rwsia-e*4. 
[Hi o] *&m<Dmi*T&x?-m&itMi&nn%ii'*T 

[111] *f£W(7>@i*S»^««MS«^*5te>>XT 

a rom 8 rosijgw^si $ ^-r fll^tl -e fe -5 . 
[hi 2] *&m<Dm*Kft**#itmiti!,nnfoisXT 
ua>% 9 a>Sllga)»!fl*5S-r«j$Hr'fc-5„ 

[113] *«B^(D@(*iR^««KS«*4*jte'>X^ 

AfflSi ocD3ll6a)»«l**-r*«H-efc-5. 
[114] fitSEa>es»«jftro#**«5t©-«^*-r»T 
BH-efcS. 

[Hi 5] **X$-;/?rt^l-7JQ&^#£8ott3fc©BS 

Stlv^fAfl)- 0!£;F-ffi<ffiH-e&-i>. 

[11 6] 3ffl;1Sai: Lt/<77-^f;tfcft*fl)«S 
-> X ^ A £ s-f » BE! -e fc £ . 

[in] »a»«t Lrffl*aiB<b»»*«i>Lfc«t* 
omjfex^ 7^©-ns*tiiit-fcs. 

1. 3 5-«;6X$ 

2- «*4«f&tt 

3- satt*&e 

6, 7— *HSlA l JO 

8. 2 2 

9. 3 0 0-£9l#me 

1 O. 30 1 •••K*4**X*ffl* 
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1 1,30 2-"^£P7M#fcti'g 
1 2-«WPSt 

13, 1 4-SS-tr>it- 

16. 17, 23. 3 

1 B-jggtfiUzVit- 

1 9— msE-tzv-tf— 

2 o-iSi±7K>^ 

2 1 -mmsX)\, 

2 X;u 

2 5— TkHSttiP 
2 6-flftUtt 

2 7-meRi 

2 8 — ^ — $ — 

2 9— HlbS 

3 o 

3 1 ^i/X— $ — 



3 3-**p*ku« 

3 4 »•««»«!• 

3 7. 3 8. 3 9— ftttff 

4 0.41 ~Wt99 h 
1 0 1 

i 0 

1 O 3-7/-Ktffi 
1 0 3a-TS— KttttH 
10 3b -7;- Kfrfl.**— 
1 0 3c-»«| 

i o 4— * v— K«a 

1 0 4 a—AV— KftfcJKH 

i o 4 b ■»* v— K^an*— # w« 

1 0 4c-SM« 
1 O 5 tz/*Lx— $ 
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